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INTRODUCTION

Cytoxan brand of cyeclophosphamide 1s a potont antitumor agent
of the nitrogen mustard group which has been used in the treatment
of patients with many kinds of neoplastic disease. Iavestigators
have shown thet Cytoxan {s especlally valuable in the troatment of
patiente with malignancies arising from hesmatopoletic tissues,
malignant lymphomas, leukemia, some cercinomasg arising frox the
breast and ovary and undifferentiated neoplasme. One of the reperted
effactuy of this agent is a chemical cystitis in 2 few cases (1-4%)
during and following treatment with cyclophosphamide, (Mead Johnson
Bulletin, 1964). 1t will be the purpose of this thesis to specifically
investigate the cytologic effacts or a single fatrapsritoneal
Injection of cyclophosphamide in vat bladder epithelium through

studies conducted st the light and electrom microse.pic levels.




REVIEW OF THE LITERATURE

dataze of the Agent: Cytoxan, N, N-Bis (B-shlorcethyl) N', O-propyl-
ene phosphoric acid ester dimuide; Endoexan, B-3518, evclopbospha:ide)

with the structure:
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was syatheaired dy Armdold and louse=ux (1958) in order to incorporate
an atitumor radigei in an {nactive {oxm that would be activated
biochemically in the dody. Initiazl experiments comducted by Armold
ind Bouseaux (1938) utilising tumor cells incubated at 37°C and at a
concentration of lc-sgrun per milliliter of cyclophosphamide,
establishec the relative inertness of the agent _n yigy¢, while

i3 viyo experiments in fully Javel.zed .at tusors such as the solid
Yoghida sarcoma, Walker-236 carcinoms and Jensen ssrcoma, coneluded
in findings {ndicating that the apparent therapeuti: index of cyclo-
shogphaide wae more than twice that of N-oxide mustard and ten tlaes
that of the et ylenimines, {(Atnold and Boussaux. 1938).

A study of one alkylsting agent, wotadb'y cyclophosphamide, wust
include some overlap of informatica pertinent to other intitumor
alkylating agents. Generally there sre five major types of slkylsting
agents cousidered to be aytotoxic: wustards, ethylenimines, sulfounie
egters, evoxiies and certain N-alkyi-li-nitroso darivatives., The temm
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'mustard"” generally refers to compounds coataining ons B-chloroethyl
group atteched to either a eulfux oxr e nitrogen stom, (Wheeler, G. D.,
1962). 1Interest in the mustard compounds were initiated during WW 1
and again during WW I1 with the objective buing the development of
offensive anti~-personnel weapons. The mechanisz of action was recog-
niced as cytologic, in that the opinicns at that time wers that the
effect on hemotepoietic and gastrointestinal tissues were due te a
release of hydrochloxic scid intracellularly with subeequent cyte-
toxicity and electrolyte fluid imbalance. Pollowing WW II, there

wag a renewed interest in s series of nitrogenscus analoguas of the
mustard gases, namely hig and trig -chloroethyl-amines. These cyto-
toxic effects were unlike acything observed to that time and resembled
in many ways ths cytologic manifestations following X-rays (Gellwan
and Phillips, 1946).

Cyclophosphamide is composed of nitrogen mustard linked by way
of the nitrogen atom to & cyeclic phosphoric-acid-ssteramidase which
masks the action of the mustard concluding in the sbseuce of cytociomie
effects ip vitro (Healy, J.B., 1964). The physical properties of
eyclophosphanide are that it i{s stable at room temperature, soluble
up to 4% in water and s 1% solution has 8 pH of 4.58. The source of
the compouad {s Asta-Werke, A.G., Brockwede, Gavrmany and the Mead
Johnson snd Company, (White, ?., 19359). Cyclophosphemida, then, is
an antineoplastic inactive cyclic phosphamide ester which was synthe-

sizsed in an effort to incorporate an cffective chemotherapeutic radical



which upon bjological degradaticn would have e cytotoxic effect om
tumoral tigsue with a minimum of normal cecll cytotomicity (Des Pres.
sk al., 1960, Haec, ¢f gl., 1960).
Machanism of Asticg

Generally, the effect of the nitr( jen and gulfur oustavrds are
in cells which have on increased rate of proliferation. Such cellular
susceptibility which can terminate in the death of thz cells {s meni-
fast within the formel elements of the blood and the mucosa of the
gastrointestinal tract. The gffects on these cells by the mustard
compounds reflects severe lymphopenia, granulocytopania, throcbo-
cytopenia, moderate snemia, vomiting, diazrhea, nousea, snd anorexie.
Histologic and cytologic examinations of thae gastrointestinal muscea,
for example, demongtrates a progression from vacuolization and nuclesr
swelling of the epithelial cells to necrosiaz, desquamation, and
homorrhaga. Lymphoid involvement is uniformly present throughcut the
body with lymphaiic fragmentation evident within ten days following
exposure. In the bone marrow early cytologic cnanges are swelling
of the hemopoictic cells, alteration of their ptaining veaction and
disappearance of mitotic activity leading to anaplasia. In yigre and
in yivo studies have shown that mustard compounde inhibit oxygen
congumption and glycolysis tc varylng degreea (Gilman end Phillips,
1946) . The general mechaniem of actinm of tha mustards, including
cyclophosphamide. however, is not definitely understocd (Freidman,
0.M., 1963).

Cyclophogphamide was doveloped in order to produce a nitrogen
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mustord derivative that while inert in ylixe would thesrstically be
ectivated i giyp through phosphamidess asct’vity (n ncoplsstic cells
{(Journal of Amorican Medical Assoc. -few Drugs snd Thorapsutics,
Jan. 6, 1262). The biologic activity as szudicd through radic-{golizpe
laboied cyclophosphanide indicates thet cyclophosphamtide breakdox:
cccure in tunor edssuo. It i{s hoped clinfcally that thie agsnt will
be transgported in its inert form threugh the “cdy and be abscrded and
astivated by mectabolizsing malignant cells (Bealy, J.B., 1964). The
attachzent of the phogphoryl group to a nitrogen mustard reducses the
ectivity of the custard coapound by diminishing the basic propsriies
of the central nitrcgen atom thereby decreasing ths ioaisablility of
tho chlozine atoms {0 the chleroethyl groups. To activets cyclephos-
phomide it is cosumed that phogphamidesccs or phoephatases are thioreti-
cally needed to break the cycle group either st the phosphorus-oxypen
o> phoephorug-uitrogen bond liberating the wmustard dorivative. 8Since
phosphanidasss have becn demonstrated in concercus tissues (Gomert,
1948) and phoophatasce in white blocd cells, the cytotomic effect on
neoplasms and white blood cells can be emplained (Coggins, P.R., qh
al., 1960). To sun up then, the breskdewn of tha cyclic fom to

the active nustard by ensymes like phosphamidase pormits ths chloxino
redicals in ~he chlorethyl groups to exert an aliylating activity
(Dss Pres, J.D., gt al.. 1960). Phillips end Stexndberg, gt al., in
196} ' showed that in rats treated with cyclophosphamide, a circulating
cytotoxic intermediaty was formed which was neither cyclophosphimide ,
or nor-nitrogen mustard. Theess determinations were bagsd on the
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calculation of the alkylacing activity of the urine by the quarter-
nizetion of the reagent, Y -{4-nitrobensyl)-pyridine (NBF) sand the
axtractibility of ecyclophosphamide and nor-nitrogen mustard !n chloro-
form. From these experiments it was consiuded that there wag 21l .
aing sctivity (increase ./BP reactivity) in zat urine following cyclo-
phogphemide administrstion. In eddition, 60% of the NBP reactiv.ty
vas ingoluble {n chlornform and therefore the reactive substances
were other than nov-nitrogen mustard and/or cyclophusplusnide. The
detetwination of increased urinary organic shosphate at 2 aand 2 hours
nost cyclophosphamide {(njection vhich persilecled the NBP or aloylaling
~ctivity suggested an in vivo astabolite of cyelophosphaide. MeHenna,
JM., gk &l., 1762, through cblorimelric Jdecerminations €2 ussay

the presence of chloroerhyl groups,fg Yifr9, conciuded that (L2 cyto-
taxicity of nitrogen waistari seeas to be directly related to tha

conc tration of {ntaect chloroethy! aroupz. The cy otaxicity o.
cycivphogptmaide, howover, was chought to be theaugh the relegso

»f nor-nitrogan mustard are./o: (2. eusymatic hydrolysis to cytoxyi
alcchol or cytoxy. amine. Cytomyl alecohol was described by Fré#edu:n
$8 #l¢y» in 1360 as a possiblie hydrolytic derivative of cycloghon-
phmaide gnd proven cytotaxic on lsukenie celis in vitro.

In cyclophosptiamide treated alice, a collection of perum ssaples
{ollow.ng latraperitoneal injsctions ol $0U mg/'g exhibited marked
inhi{bitory effects in semalian celin ‘zeil lines from L 1210 lounss.a}
vithin 15=3C minutes. A4 2% treated gserun reultrd in 50U inhibition

6
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of protein synthesis as compared to normal control animals. The
inhibitory sffect of the sera (disappeared vwithin a relstively short
perioé o time. There was no {uhibitory effect in cell linee treated
with cyclophosphamide jp Yitxo. Iv extracts from liver prepared ¢ =
cyclophosphamide trested suimals tiere was marked inhiditory effects
on the protein synthesis of leukemic cells in yitre, but only a trsce
activity was demonstrated with the kidney and spleen extracts. There
was n> evidence of sahibitory activity whan homogenates of neoplastic
and normal mouse tissue were incubsted with cyclophosphamide [g vitxe.
There was some {nhibitory effect, however, with liver homogenates
{ncubated ig vifgo with cyclophosphamide. Ia addition to the marked
{akibition of protein synthesis, thare wers marked morphologic cellular
changes in the treated cell lines consisting of multinucieated gi:.. *
celis with reduced smounis of cytoplasm suggestive of metaphase sirest.
Theec experiments suggest the poesibility that activation of cyclo-
phosphamide does not occur to any apprecisble emtent in rat blood or
i0 neoplastic tissue, but i(n the liver. Therefore, alteration of
the frug to ite active ¢~ prubably does cccur in sareas other thaa
.1 tumoral tissue through intermediary substances that mey cor may not
be .'tered by the neoplastic tissus (Poley, G.EK., gt gl., 1961).
Ani~al saperimante utilizing '35 labeled methionine tn cyclo-
phospl.amide seneitive snd cyciophosphamide resistant ce!l lines of
the L 1210 leukemia show that cyclophosphanide significantly inhibited
~he :incorporation of methionine (n the censitive umozr, vhile falling
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€O inbibit this auimo aclid in the ccsiztant tumor, It s imtevestiny
to rote that in these exporiments thore wes no inhibition of wethicnico
lacorporation in cither the sensitive or registant tumcr animaly in
the liver {(8zroziler, V.., 1562). Therefors, the guesiica and
significancs as o the role of the liver ia the fp vivo cctivation

of cyclophosphanlde, seexs tO be unsolved.

It has besy mentioned previocusly that the citrogen mustasis
inhibitsd arypen conswaption and cell glycolycioc ip yiSKe and fn Viye.
The sffect of cyrclophospharide vas atudied jg viyo on the following
differea: mouge tusors, Bhrlech, Frehg 2, 1211 cyclophozphonide sensi-
tive szscitcg cellp, and £-91 welanaea. It was dotorninod that ighibl-
tions of zmacrobic glycoiysis and respirvuat o wocurred i yitye in
ticsue alices frur houss after {atraperitsacal (njections 0f 200 oplfig
of cyclopbegphumaide. 8cver jy-two hours foilowlig injection both vhe
aerobic and anzerodic giycolyeis of tie L 1219 cyciophosphamide
ouscaptiblo cell linc bad been totally inhibleed (iright, K., 1960).

The mustard compounds hevs been showm to interfere with the
nitotic divisiocas in a vory vide varlety of biological ep cicg., It
1o belivwved that the aliylating offect of the drug influenccs the
mutazenic frequoncy of tho genes. This alterstion of the nucieic
acids night result from interference with the synthesis and mctabolism
of the nutlaie aclds or {rom the glkylaviin of these ecids. Infiuvensa
olzus has buen ghown €0 be réndercd nov-iafectious for mice dy an
B 3iLre sxposurs tO increased concentrotious of nitrogen mustard.
Terefore, such deactivalion mighe Iindicate the possibllity that the
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offect of the mugtard is by wey of direct alkylation of the mucleic
scid esther than from iaflusnce upon eume componsnt systen involved

ia nuclein acid synthesis (Wheeler, G.P., 1262). The lacoxporstien

of adenine -B-Cu inte the DMA adenine of cyclophosphanide semsitive
mouge Tunory was shown to be inhibited by cyclophogphamide. There

was no iahibgtion in the incorporation of the ENA-sdsninme. Chronste-
sraph.: end seadicautographic studies of tumor iscus extrscce iadicstad
that gi povo symthesis of purine uuclec”ides was inhibited but there
was iittle effect o the formation of nucleotides f-om the already
camed adeniae am Otheeler, C.P., 1962).

intradermal lalections of MICB (l-<Chlove, 2-4 dinitrobensene)
wele nocle i3 guinea pigs pretrested vith cyclophosphmmide (o order
to detemine whether or not this drug blocked or prevented delayed
hyperpensitivity to DNCR., The res:its indicate chat cyclophosphamide
protrestment delayed the sppsarance of coatact dermatitis to INCE
suzyent ing that eyclophosphamide had 2 wmarked effect upon mucleosr
arvtein (Maegutre, H.C., 1961).

The m (erity of the blochemical eflects of the cytotemic alkyl-
ating agen 3, anc¢ in particular cyclopbogrhamide, might be explained
es dirvect :r indivect resulte of nucleoproteia alkyistion. The muta-
genic or .utiuitotic 2ffects would show involvemsat of the nucleus
vith alteration of the rate end production of DNA. The modified
DHA couls then alter the structure and formaticn of the mesasager
A which in tume affucts the vola ami axtent of protein syatheels

vheeic s, G.P,, 1962},
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Aakinsoplantic Rffects of Gwlophosphgmide

Cyclophosphanide chemotherapy for cancer has been used with
varying degrees of guccess n many types of nsoplasms. A review of
the literature indicates that cyclophosphamide, like nitrogen musta.d,
{s most active againet neoplasms of the reticuloendothelial and
hematopoietic systeme. The fcllowing is the clinical evaluation of
the drug ligted by the type of nesoplasm selectively described in the
literature from the years 1960-1964,

Leukemia: In a study of forty-four children with advanced
laukemia Fernbach, D.J., ¢t gl., 13962, showed that 18% of these child-
ren nad complete remission, 1l1] had partial remissions and 23% had
just hematologic remissions following cyclophosphamide chemotherapy.
i1 a study of fifty children with acute leukemia, most of whom were
resistant to o-mercaptopurine, methotrexate and steroids, there were
resultant remissions in 35% »f the total cases, in which hal{ of this
totsl were partial remissions (Tan, C., gt gl., 1961). In studies
of patients with chronic lymphatic leu-smia Solomon, ef al., 1963,
deocribed significant benafit {n 441 of a total of 32 patients while
19% of these patiasate received only slight benefit following treatment
with this oncolytic agent. A similer report of the efficacy of cyelo-
phosphsnide {s noted {n a study by Rundlss, gg gl., 1962, in 28 patients
with chronic lyuphocytic leukemia in which & "faiz te good response’”
was achieved {in 40% of these patients following cyclophosphamids
treatmenc, In & study of sixteen children with acute stem cell
leucenia treated with cyclophosphamide there developad partial ramis-
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sions of from two tc nine months in six of these patisuts (Sweensy,
A., ot al., 1963).

Hodgkin's disease, Lymphossrcoma and other Miscellsnsous Hema-
topoietic diseases: Cyclophosphamide was shown to be "unugually”
responcive in 33X of the cases of malignant lymphoma of Centrel Africa
with remission rates of from four months to three years (Burkitt, D.,
Journal of Americun HMedical Assoc.; Medigal Newa., 1964). In s seriss
of 31 patients with malignant necplasms, three patiecnts with lympho-
sarcoma had stricing remissions (Papac, gt gl., 176C}. In 253 cases
of var.ious malignant necplssms *reated with cyclophosphamide, thare
was 'marked improvement with considerable transient objective change”
in 46% of ftuc cases, with two lympaogranul.omatoses and reticulum cegll
ecarccmas showing complete ramigsions, (Gerharzsz, H., et gi.. 1960).
The best results in 31 patients with various neoplasur treated vith
cyclophosphamide were in three patients with lymphosarcoma who had
striking remissions (Papac, gt al., 1960). There was significsat re-
sponses in thrie out of five children with Bwings sarcoma trested with
cyclophosphamide (Sutow, et al., 1962). 1Twelve patieuts out of twulve
vith lymphoma achieved some degree of remission following cyclophos-
phamide tharapy, but the remissions were of s short duratiom with
rhe exception of two cases 0f Hodgkin's digease who acquired ¢ remis-
sion of more than ons year (Swesney, A., Tuttle, J., 1963). Soms
degree of actual remiseion was schieved in 11 patients with Rodgkin's
disease, sspecially in those patisnts in wvhom this was the i{nitial
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treatrent for the disease, (Olmexr, gt gl., 1962). The most "setisfying
results" following administration of cyclophosphsmide to 49 patients
with malignant dissase were seen in seven patients with Hodgkin‘’s
diserse. One pstient with a j-plasmacytoma had a two year remission
(Fricsche, gt al., 1962).

In nineteen patients with Hodgkin's dissase there were six pa-
tients with significant benefits following trestment with cyclophos-
phanide of periods ranging from l§ to 15 months. There was a slight
improvement o1 seven patieats with the remaining six petients con-
sidered fallures or unevaluable. Iu a total of eight patients with
lymphosarcoms, there were four patients who received significant
beneiit and one patient who received a slight benefit following cyclo-
phosphamide chemcthezapy {(Solomon, J., Alexander, M., & Steinfeld,
1963). A comparison between mechloroethamine in 98 cases of Hodgkin's
disease and lymphosarcoms groups indicated that there wag a 60% favor-
able regpouse in those groups of patients treated with cyclophocphaniae,
55% in those treated with uracil mustard and 257 with mechloroethamine
(Cold, gt gl., 1967).

In a study comparing the effectiveness of cyclophosphamide and
nitrogen mustard, Zubrin, gt gl., 1961, determined that 'good to
excellsnt objective responses' were achieved in the following diseases:
Hodgkin's disease eight out of nine with ritrogen mustard, and 34 out
of 72 with cyclophesphamide; in malignant melanocma there were 0o cases
in his study that responded to nitrogen mustard, while 2 out of 3
cases responded to cyclophosphanide therspy. in multiple myeloma, no

12
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cases responded to nitrogen mustard, wkils 4 out of 20 responded
after cyclophosphanide chemotherapy. Cyclophosphamide seemed to be
"unusually” effective in suppressing the growth of more primitivs
neoplastic iymphoid elements (Rundles, R., g8 gl., 1962). Treatment
of eight patients with nsuroblastoma with cyclophosphamide resulted
in three patients experisuvcing relief of symptomg and transient
decrease of the tumor. In seven children with rhabdomyosarcoma, there
were three patients who obtainsd temporary objeetive benefit with
cyclophosphazide. In cour children with osteogenic sarcoma there
was one patient in which there was a regression of metastisisiny tumeor
with this chemotherapeutic agent. ‘This might suggest cyclophesphamide
may affect some tumors not rergponsive to other alkylatiag agents and
thus {t may have a truly d!fferent antitumor spectrum." (Pinkel, 2J.,
1962). In a total of seven patients with multiple xyeloma treated sith
cyclophogphamide there was one patient with significent benefits, and
one patient with slight to moderate degree of improveasat {Solemocm, J.,
Alexander, M., Steinfald, J., 1963). In nine patients vwith mysio-
matoses thers were no radiological or electrophoretic changss (Rasly,
Jo, 1964)., In 29 patients receiving cyclophcsphaide for multiple ayel-
oma, objective evidense of & fasvorabls sffect was olserved in rix
patients whils there was subjective impreovemsnt in three other patients
(Rivers, 3.L., 1263).

An i{nhibitory effect by cyclophosphanide wasg deterwined in two
patiants with metastetic anglosarcoma whieh soncluded in "st- _king"
regression of their vulmorsry wetastasis after failimg . respomud %o

13
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a combination of the alkylating agent Thao~TEPA and tha anii-metabolate
Methotrexate, This suggested that the ankitiumor actiom of eyclo-
phosphanide may be rignificantly different from that of the uther

knowa alkylati~g agente (iGrsenspon, 1961).

Missalianeous Halis

In four out of [ive pstients treated for metastising nasc-

pharyngesl cancer thers ware rem.calons ranging from {ive to eight
mouths folilowing cyclophosphsmide therapy. In one patient with

:ancar of the pancresa with hepatic retzatasis, and one patient with
sn epigastric tumor with liver metastesls there wexre gensrsl Limprove-
rents of cundition fxom eix mouths to a year, (Hadded, N., 1363). In
a 55 yesr old feale patient with racurrant epldermoic epithelious

of the upper maxillary regilon there was drsmatic Llmprovement slter

ten iays of cyclophosrhamide chemotherapy with the patient alive und
well eighteen sonths lzter {Jlerouw., R., 1963). in e!ght patients

vith ovarian carcinomag t=eated post operativaly with cyelophosphamide,
fiwvs patients sxre slive 2¥~6 years after trestment ar compar~-1 with

an 82% mortality post-vperatively without chemotherayy (Bruhi, R., 19t1).
1o six out of Zsu caseps of ovarian carcinoma theve was distinct re-
missions of varying lengths (Healy, J., 1964).

Marked objactive and subjsctive iaprovesant vas noted in one
patiant with an infiltrating duct carcinoma with mediastinel and
pulmonary metastesie following cyelophosphanide therapy (Gensslses, E.,
*961), Cyclophosphamide in combiaation with anti-metabelite or anti-
biotic antitwsor agents have shown pramise {n the treatment of ualig-

14
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nancies of the stomach and hepatobiliary arsas (Hurley, J., 1961).
Twenty-nine patients havre shown definite regression of their discase
following cveliophosphamide chemotherapy ingluding three with malig-
nant melancmi, 2ix with carcinoma of the overy, nine with mslignant
lymphoma and three with adenocarcincma of the breast (Coggine, P.,
Ravdin, R., Bismaa, 8., 1960). In 45 patieants with a variety of
histoioglcally coafirmed malignancies ineluding 24 bdronchiogenic end
eéix gastric neoplaims there wizs radiologic and clinicsl improwement
in 11 patients and subjective improvement in 22 patieats (Hemusr, gt
al., 1380). Iu one patient who had undergone orchiectway and sub-
sequent radiation tharapy for a tasticular carcinoms who had developed
wetaztatic lung envolvement there was markad ragression following
cyclophosphiamide chemothsrapy (Galls, 13l'),

Bencficial succezs was achieved in a patient with psoriasis ¢f
the gcalp iollowing treatment with cyclophosphamide for widespread
carcinuna of the colon., ‘The usori.sis has clesred and the patient
hav been in psoviasis rewmission for eighteen mouths. In a 17 yesr
oid female without malignmat diszase whe was treated vith cyelophosg~
phanide for extensive psoriasis sad pgoviaels arthritis results in-
dicsted there was no skin or joint discass five weeka aftar therapy.
T. *wo out of three pstisnts with mycos!s fungoides thers has been
uarked fuprovement after cyciophosphasids chemotherspy (Lsss'o, gt al.,
1961). In three cases o  Wa.dsusirox’s Macroglobulinemia there wasq
dramatic objective and sub'active improvemeant with decrease in serum
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macroglobuling up to rhe present time following treatment with cyclo-
phosphamide (Bouroncie, gt gl., 1964; Bouroncle, 1965). In a ctotal
of two patients with Waldenstrom's Macroglobuiinemia thvmre was sig-
aificant response of from six and eleven months following cyclo-
phosphamide therapy (Solomon, J., Alexander, M., and Steinfeld, 1963).

It sppears thet the efficacy of cyclophosphamide chemotherapy
is in those hematopoietic malignancies such as Hodgk.:'. disease,
lymphosarcomss and leukemias, particularly chronic lymphatic leukemia,
In additica, frequent responses are raported in those solid malig-
nancies such as ovavy and breast along with miscellaneous mctastatic
neoplasms. 'It .4 important > realige thar the best thai can be
axpected at the present time from cyclophosphamide therapy is 2 vce-
»ission of the neoplast:i: process which in many ingtances L3 only
temporarily; one hcpes to ease the sywptoms and perliaps delay death
for a while." (Healy, J., 1964). 1 have purposely neglected tc laclude
tha dosage regimen i these listed nathologic -~omditiuns due *~ the
wide fluctuations in (aitial znd maintenance dosages as expreise¢
the patient management by the various author clinicians., [ wi{li
briefly describe the biologicai effects of various naximmm dosage
ragimeng in the next section.

Prel . ninary studies in leukemic mice show that an amtimitntic
agyent such as cyclophosphamide can be ut.lize effactively in bone
asarrow transplants dy enhancing the ant!leukemic effects through re-
ductions in the wmitotic rate of tiwmor cells acd, in addition, decrease
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the incidence of secondary dissase througk jpterferspce in the immgno-
logically compatant cells from the bome mazrow transplant (Mathe, G.,
sk al., 1962). Cyclophoaphamide adwinistersd te guines pigs sensitised
to egg albumii. prevented the manifestaion of an anaphylaxis resstion
{ndicating .hat ''eyclophosphamide provides a profound and specifis
depression of the nucleic acid metabolism of the antibody forming
machinery.' (Maguire, H., ¢t 2l., 1961). The effect of cytoten‘s
agents in terns of the lmmune respouse seems to ba sn inhibitiom of

cte 'induction phase' of sntibody formetion through strong inhibitiom
of nuele’c acicd synthesis particvlarly deoxyribonucleic acid (Beren~
baum, M., 1960). The role of cyclophosphaxide in wound healing as
conducted in animal experiments i1ndicates rhat it recarda the exuda~
tive inflammiteory process snd ‘ormation of grenulat‘on tissue. Pro-
liferating epithel{uwm {n granulating wounds appcars relatively imma-~
ture ~s evidenced by large hyperchromeatic nucleic ana atumdant cyteplasm
aspociated with pseudoepitheliomatous hyperplasia (Des Pres, J., 1960).
Bieloical and Toxisolenic R{festd

Three !istingt {actore seers to {nfluemee thx blological effeet
of eyclophosphamide; the nature of the subjeet trcated, (.e. whiathar
{t be man ~v diflerent axperimental snimals; the dosage c¢f the agent
camplexed with the intexvals of administration; and ths route of
injection.

Rarly scudies of the dlologic and toxisologle ¢ffects of cycle-
Jhoephamide in mmimals revesled leaukopenis, weight loss and subsequent
death depending on the smount snd durstion of the agent given to thase
experimentesl enimals s Pres, et al., 1%0).
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In mice and rats the oral LDj; values ware 350 and 34 wg/kg
respectively. Rats survived repeated oral dosages of 6 mg/kg for
81X weeks wvhereas dogs Jsurvived with a lesser daily oral dose of
5 mg/kg tor six weeks. The pathologic manifestatione in these animals
at this regimen consisted of gplenic congestion, depressive reaction
of the hematopoietic tissues including the bone marrow. Following
single sub-lethal dosages, the peripherzi Ylood exhibitsd leucocyte
depression with recovery in three »esks and erythroid depression
followed by complete recovery in twelve days (Wheeler, A., Dansby, D.,
gt al., 1951). The major manifestation of toxicity in experiments
with rets and mize were weight loss, ruffled hair, diarthsa and hema-
topoietic depression and death in perlods of time ranging <rom L-if
days (Love, ¥., 1359). The overt acute manifastations of toxicirey
in mice after cyclophosphamide therapy ave similar to those zeen in
mice following nitrogen mustsard administration, Ianjections oi H0C-
700 ng/kg of cyciophosphamide in mice clicited terminal convulsions
which seemed to be rzlatad in time to respiratory paralysis probably
as a result of anoxemia. Changing the regimen from datly {njection
to wgekly inlectioms, increased the madia survival rate of cthese
anioals (Love, M., 19359). In studies conducted on rats anc dogs
comparing the afficacy of cyclophosphanide on various nevplasms se a
function of dose iaterval, routes of administration and sex, {t wvas
convliuded that no sigrnificent sex differences occurred ia terms of
necplastic eaffect or toxic manifestations:. i{n rats the oral route was
less tuxic than the intravanous route:. (n dogs a sing.e scute dose or
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a 48 hour infusion was toierated on a biweekiy regimen, but only one
half of the dose was tolerated if aduinister: ! daily or weekly. '"The
longer the delay betwesn dosaeges, the longer the delay was batween
onset of leukopenis and death."” Toxic signs in these snimal experi-
ments included emegis, diarrhes, proteinurea, snd hematuria. Thromboe
cytopenia wag Qot severe, alt' .igh leukopania and anemia occurred
regularly (Pallotta, A., 8§ al., 1960). Cyclophosphamide in dosages
ranging {rom 37.7 =g/kg to 600 mg/kg in mice uver a five day period
produced more specific damage to the iymphatic zreas at lower doses
than nitrogen mustard or triethylinemolamine (Scaltrini, G., et al.,
1362}, Treatment below the ninimun tolerable dose in mice (200 mgl/kg
I1.V. ¢ 4Q og/kg for seven days L.p.) and rats (120 mg/kg 1.V. or
20 mg/~g for seven days i.p.) indicates that the granuolocytes re-
covared facter than the lymphocytes. Significant pathologic change
wes noted in the intestinal tract, hone marrow, and lymphoid tiessue
“ut not ian the thymis in animals Jdying after treatusnt with cycle-
vhospt amide. Cyclophosphamide when {njected intc the albumin of
fertilized chicken eggs {nduced gensrally atrophic development of the
chicken enbryo. This was manifest by micromslia of the legs, parrot
bear, absence of eyelids, and viscersal and cardiasc lesions (Gerlinger,
P.. 8% &1.. 1963).

Injeczione of single dosages of from 235-60 mg/kg for five days
of cyciophosphamide in dogs intrathecally showed no clinical evidonece
of tuxicity (n the lower dosagas but gastrointestinal bleeding luading
to death o’ the animals, occurred in the 30-6C mg. dosages. In all
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dosage regimens there was no central nervous syulem disorders at
necropsy (Bland, J., gt gl., 1961). Cyclophesphamide, 3.2 mg/kg,
injected intra-mugcularly in leukemic mice resulted in no immediate
cytologic changes. Hitoslns of the leukemic cells wh:ch were in pro-
gress at the time of injectio~, or started & short time following
injactions, were little affectad. In sevaral hours, however, the
mitotic index dropped indicatiag that the nusmber of cells enterlng
aitosis was decreasad. This might suggest a delay {n the premitotic
process. After 24 hours the mitotic index returned to i{ts initial
value. The mitosis themeelves, however, were abnormel and pregressed
slowly, Soms of the mitotic configurations seemed to be aborative or
produced indivisible Jdaughter cells leading t¢ a decrease in cell
population. The cell injury probadbly occurred during ircterphaae.
many hours before mitosis and this aignt Laidicate that tumor cells
ware the most sensitive %o the chemical action of cyclophosphannide
az thies time. 1t is {(nterasting to notc that within 438 hours the
regular mitotic f'‘gures ogein bacame ~vident carrving tlic same chromo-
gome coamplement as the tumor cells ber_ve therapy, and (ncicating
that gomg cf the cells were bgrely affected (Kovece, S., gf gl., 196C).
‘When rreating nualignant disesses w.ch cytotoxic agente, we want
to ase dosagas as high 2e possible to get the best posecible eflect in
tumotr tissue: but not go high that the damage to imporcant normual
tissuss becomes dangerous or {rrevexpible. Thc aosc serdous side
#ifact of the cytotoxic asgents is Jdwnage to the bone marrow cells.”
(iessan~Meyer, R., @f gl.., 1960 . The major voxicolugic sldm e fect
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of cyclophosphamide in the tresatment of tumer nsoplasss ar: as follows:
Rlacucbances in the Lomatopoietic tissya: Cyclophosphamide
administered to 52 children with neoplastic disesse in which lesukopenis
was deliberately induced tlirough dosages cf 130-200 ug per square
meter {nitizlly, and maintenance dose individually altered to maiatain
a peripheral white count of from 2,000 and $,000 per cubi-millimeter,
wasz manifest ty moderate relative granulocytopinia aand monocytosis
with an occasional case in which increases in gosinophils was noted.
In addition, there was mcderate snemia with hemoglobin of 7-9 grams
in nany petients who had received the drug for periods of up to two
years. There was rclative hypoplasia, mild granulocytopenia, matu-
ration arrest of moderate degree in both the granulocytic and erychro-
cytic c¢lemente of the bome marrow. All hematologic depressiouns
returned to their initisl levcls after termination of therapy, (Sweeney,
M,, Tuttle, A,, BRteldorf, J., g% al., 1962). In 44 childrsa who
had received 2.5 mg/kg « S mg/kg for 5-10 days initially followed by
a naintensnce dose culminating in total “‘sage ranges of 374-470 wg/kg
total, there we : 337 of ths patilenta exhibiting a descrease in total
white blood count, =751 of whom had lesgr thaen 1500 cells per cubie
millimetcr (Fermback, D., ¢f gl., 1962).
In & study is vhich eleven out c¢f twenty-four patients with
Hodgkin's disenn: received favorable results or actual remisstions,
{t vas deterrinad that cyclophosphamide was lags damaging to the
erythrocyte, and thrcmbocytes than other chemotherapeutic agents
(Oimer, gf gl.. 1962). roilowiag chemntherapy with cyclophosphan’da
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in 44 children with advanced Leukemia it was odserved that the most
common gide 2ffect manifest was leukopenis witn an absence of thrombo-
cytopania and anemia. It {s 0% {nterest to note that the leukopenia
resulting from cyclophospharide chamotheraipy in this study develoved
move rapldly in a higher do-age regimen with the lowast white coun-
occurring between S and 21 days from initiation of therapy. Toggl
cumularive doss did got corvelate, howewvsar, with the degree of
leukopenia. It was further notad that ilsukemic {nvolvement of the
cantral nervou: system war nct ‘nhibited dy cyeclophosphamide chemo-
thorapy (Fermbach, D., gt al., 1962).

In a study comparing the anti-neoplastic eflect of cyclophos-
phamide in 2 massive dnpage regimen (45-8C mg/ig 1.Y. at & weck
irtervals) vers:s a fractionated initisl regilmen followed by dally
meintenance Jdosages (7.5 mg/kg for 4-6 dayas followed by 50-150 mg
orelly) in 33 patiente with metastatic breast or ovarian cancer, it
was concluded that no superiority could he Jemounstrated as "induced
marrow “oxjcity had ne effect on the rate of remiasion.’ liowever,
in this study, there vag an earlisr increase in toxic mortality
following the largest massive drug injection regi.an, (Coggins, P.,
Biemsn S., gp g}, 19¢1).

In 2 study of 105 records lnvolving individuale uncsr cyclo-
phrngphamide chemotherapy there were 24 pacients in whicn the vhite
blood count went below 2, N0C cella var cuble m=.'limeter. 5 patisuts
in which tha count wae below 1 U0 celle ~er cubile uiliim*er and
44 r-rients vhope count was bdalow 3 C0U cells. There waa no corre-

22




lation becween laukopenla and degree oi response (Healy, J., 1964).
The max.mun sefe dosasge initially in patients without hes :opoietic
disease seems to bs 10-20 mg/hx to & :otai of 4C mg/kg followed by a
maintenance dose commensurate with &« white count ~f 2-5,000 cells per
cubic millimeter (Rundles, gt al., 1962). The primary sdvantage (n
the uge of cyclophosphamide seems to be the lesser destructive effeect
on the megakaryocytes and thrombocytes for the equivalent cf the same
leukopenic effects of othar aikylating agents. In add’tiom, there is
the distinct advantage in {its fp wiLg9 inactivity, as compared to
nitrogen mustard, in that there {s no reaction at the site of injectiom,
coupled with the fact tha* one (s not 1¢mited to intravanous routes
as cyclophosphamide may be szdministered per os, {intrwmgcularly,
intra-peritonesily, or ‘n tha pleural or pericardial sacs (S$olomonm,
J., Alexander, M., Steinfeid, J., 1963). In & eomparison of the
effact of cvclopheosphanide and nitroren mustard in terms of toxic side
sifects in 16 leukemic patients it is concluded that the cyciophos-
phaaide acttacx<s a generstion of marrow cells about one weex older
thaa the generation of narrow cells attacked by nitiogen wustard.
This could be explsined on the basis of s leck of specific ensymue in
the fmmgturs or younger gdells. In additiom, the megakaryocyte series
is leas vulnerable to cyclophosphamide than those cells (n the
granulocytic series, again explained om the basis of the lagck of
enzyrws necessary for activation of the agent (Nissen-Meyer, R.,

ak ak.. %90). The eflfectiveness of cyclophosphmmide chemotherapy
s2ens to be enhanced to some degree hy the intravenous routas of
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administration (Haor, H., et al., 1960), but et the same time patients
eeen to be less tolerant to the side effects through thias route of
adniniscration (Hemer, 0., of gl., 1960).

Alopecis: Cyclophosphamide induced alopecis has been one of the
unique side effects of this chemotherapeutic agent. ZEvaluaticns of
44 children with szdvanced leukemia indicated that the sezcnd most
common side effect in cyclophosphanide chemotherapy was alopecia of
the acalp, brow, eyebrows, and eyriashes (Fernbach, D., ag gl., 1962).
In a study of 25 individuals with varicus malignant necplasms who
wers undergoing cyclocphosphamide chemotherapy, ten developed partial
to complete alopecis in Zime intervals ranging from 2~50 weeks from
iniliation of therapy. There was jo correlation between the incidences
or severity of alopecia and the total dosc or on the degree of lauko-
penia. The alopccia regressed after cessation of treatment (Falxson,
G., ¢% al., 1963). A study in the hair ecycle in six patients ages
4-61 receiving from 50-300 ng/day of cyclophosphemide for various
malignancies indicated that the age and climical condition of the
pstients did not agem to play ary significent role i{n the sgeverity
or frequency of the alopecla. In this study it was felt that the
hair at the periphery was not z2s liksly to fall out than hair in a
centzal area. Histiologically, there was no exylaiation as far as
the hairs themselves were concorned. It i{s possible that the alopecis
is a nsmifestation of a metabolic disturbance of the mitotic activity
of the hair matrix cells (WMrown-FPalco, 0., 1961). rhe hair root is
one of the most rapidly proliferating tigsues of the body, rankirg
with the coells of the gastrointestinal tract and bone marrow, and
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since cyclophospbaﬁide has seemingly a more specific affect on pro-
l{ferating cells, the zlopecia might result from an intarruption of
the mitonic activity of these rapidly proliferating csile (Gold, G.,
et al., 1962).

gastrointestinal diaturbancgs: Disturbances of th. gastro-
intesti{nal tract compose andother arsa of the body in which toxie
manifestations of cyclophosphanmide sctivity (s evidenmt. Ten out of
forty-five patients with inoperable cancer treated with cyclophos-
phanide cozplained of fatigue, and snorexia; ten patients suffered
episodes of nauses and voniting which was controlled by antismexics
(dammer, 0., et gl., 1960). Cyclophosphamide employed over a three
year period to 59 children with neoplastic disease resulted in gastro-
intestinal distress varying from mild anorexia to severe vomiting in
alnost all of tha children whose dose range was high in the {niiiasl
phase of treatment {.e., 150-200 mg./square meter per day intra-
venously. The most severe complairts, hovever, tended to subside in
several days or could be controlled (Sweenpy, M., Tuttle, A., gt al.,
1662, 1963). In otudiss comparing cyclophosphanide with mamnitel
zustard {n 32 patients with various malignact diseases, it was observed
that both agents induced nauses and veaiting which was directly rolated
to dose. With cyclophosphamide given der os, no instances of nausea
and vomiting occurred (Pspse, R., gt Al., 1960). In 16 patients with
advanced adenocarcincma of the gastrointestinal tract treszted with
cyclophosphanide and Actinowycin D, there vas evidence of more sovers
toxicity groater than what would normally be expested using either

25



drug alone, as evidenced by the fact that in 88% of the cases naugea
end vomiting occurred, followad by 12% of the cases who developad
gestrointestinal hemerrhages (Moertl, C.G., gf gl., 1963). It is of
interest to compare nitrogen oustard and cyclophosphamide in terms of
the nanifestation of achlorhydria found after gastric irradiation. It
wag demonstrated that nitrogen mustard causes a trsnsieat achlorhydria
probably due to action upon cell mitogis with decline cf cell repro-
duction and cell function. Om the other hand, cyclophospnanide did
not produce achlortkydria supposed’~ because the postulated ecneyme
phosphamide necesrzary for the ac. .vstion of cyclophocphanlide doca

not exis: L7 greac quantities in the stomach (Baums, P., 1962).

Otber miscellancous symptoms attributed 23 sfde cffects in cyclo-
phosphanide therapy has been hematuria and chemical cystitis (to be
discuseed in the nzaxt cection), rednass and ulceratica of the buccal
mucosa ind skin cruptioans, (Tan, €., gt al., 1961), and jaundice with
accompaning abnormal liver function studies in two leukemic children
under chemotherapy (Pernbach, D., gt gl., 1962). In ome case of
{nitiai and maintensnce truatment with cyclophosphanide in a pregnant
vonsn vith Hodgkin's disease there was ovidence of teratogenic effects
on the child by this chemotherapeutic agent. After sponteneocus onset
of labor, a four pound, four ounce boy was delivered with four toes
on each foot, a flattened nasal ridge, a slightly hypoplastic middle
phalanx of the fifth fingar and bilaterdl inguinal hernia sacs.
Chromosomal analysis on peripberal blood leukocyte cultures revealed
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a total of 46 chrom)s mes with normal karyotype. 1f cyclophosphamide
exerts (ts eftevet by alkylation of the susceptible radicals in the
nucleoproteina, cells with the greatest mitotic activity would bs the
most ¢ ‘fected. The mitotic poison aight sause malformations by acting
as growth inhib’tors on certsin tissues {n a particular phase of
growth at any one particular time. The inizial treatment in this
woman with tiis agent coincided with the embrysnic developmsnt of the
particular tissues affacted (Gruemberg, gr al., 1964).

Finaily, 1 think {t of gensra! interest tc note¢ that asccording
£t sunne published accounts, side effects {nduced by cyclophosphamide
were either entirely abseat or at begt, extreaely minimal. In the
#reatment of a 56 year old man with inf!ltrating duct carcinoms with-
out metastasis treatnent culminsted !n 5 total dose of 6000 mg (6 grams)
in which there way radiographic improvement and absolutely no side
ofects Gonzaiex, E., 1961)., In the treatment of ten children with
various maiignoncics only six had any appreciable side effects and
that was limited to a very transient leukoperia. Initial dosagss
were at the minimue of 35 mg/kg. None of the children showed evidence
c{ aguses or vomiting (Cromblett, ., 1960). Cyclophosphamide, in
dovages of 200-49C mg per day intravenously, in fiw patients with
metastasisine sagopharynegesl ceacer showed side effects limited to
spontaneously reversible leukvpenia (Haddod, N. g gl., 1963).

Hematux's sad ASexile CyaSiCis Asaosiated with Cvslovhosphemide
Chamothergpy: Ancther uniqua and sometimes ‘atal side affect in cyelo-
pliogphanide chemotherapy bhas b2«n the Llnfrequent occurrence of a steriles
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cystitis in some patients. It is by no means a congistent dide effect
in the vast najority of the reported csses, but ites occurrance in
come of the cyclophosphsmide managed pati-nts had been scvere encugh
to complacdly interfere with the mansgement of the disease process
and somatimas has sctually contri{buted to the patients death. It is
the generally held oplnion Dy many chemothe. ~iste familiar with
eyclophoephamide crestment thut the frequency of chemical cystitis
aight be proporticnal to the inc.eassed dossges of the dwug. However,
these npinlons are at variance with at least one other report (Forni,
A., gt 2i., 1964) in vhich there was az correlstion between thc .ose
and severe cytologic atypias observed frcs patient urocytograns.
Moderste to severa hamorrhagic cysc..is was seen in many patients
in a study of 16 crildren under treatment with cycloplogpham:.. itk
acute grem cell leulemia. This cyetit.s seemed to =zciucide in thoac
shildrern who received loug term coutinuous :ral therapy {Sweene,, A.,
Tuttle, J., Bttaldorf, ¢ ai.. 1963). Urinary frequency, dysuzia and
hematuy.a occurred in 20 out of 56 patients receiving cyclophosphanidc
{or variouy malignant paop.ssms. The oymptoms tliecuselves did not
appear until 5-6 weeks after courses cof comtiauous therapy. The
hamaturie Observad varied from microgcopic to .ross bleedin,. Urinc
cultures and coiony counts ware rormal. In the rfew cases where
thrombocytopenia oceurrud, the hematuria the* deve!opsd wap morc ravere
and morepprolonged. Cysyrecopic exwminat.or sccomp. ghed in twe
childres who did not have thromboc tometia revealod numer yus hemor

thag!c, vesicular, und ulcerstive wuccsal b.sdder lesions. 3topsy of
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these lesions indicated no neoplastic cells. It was noticed by cysto-
gL ~hic and cystoscopic examinatiocus as well as at autopey that these
lesions tended to heal with considerable scar tissue. In patisunts
vith severe lavolvement, bladder comtracturs occurred, and the dura-
tion of the =~ bladder symptoms varied from a few hours to weeks at a
time with very commoun recurrances (Sweeney, X., Tuttle, A., Btteldorf,
J.. af al., 1962)., Hemerrhagic cystitis was attributed to four cases
ol leuxkcmic chlldren undergoing cyclophesphamide chemotheripy by
Fernbuch, ¢ gl., 1362, This cystitic started with dysuria follewed
by hematuria. In one child there were recurrant episodes that caaeed
wheia therapy was discoti“inued. In another child the hematuria and
dysuria persisted 17 days following cessation of therapy. Ons other
patiant {n whom chemoth vapy was continusd during the manifestation of
the~e symptous had complete disappearance of the symptuas afcer 34
Jays spontaneously. All patients received owsr 300 mg/kg cimulaied
dose of cyclophosphariide bafore symptoms appeared. In a study of
seven women with various melignant tumors treated with cyclophosphamide
in cumulstive dosages vanging frow 2.7 grams <o 79.4 grams thers was
hematuris attri{buted to dladdar tomieity to the drug in z2ll cases.
Histologic damage of the Lladder was feund ir a2ll patients at rvacropsy
with orne wowman dying of uncomtroilable homaturis sfter 16 mouths of
cyc lophosphenide che 3therapy (Kaufmann, J., 1963). 1In one patient
vith lung neoplaem slong with modiastinal cervical metastsses who
showed "frank regreseicns” of he- pulmonary lesiomy foliowing cyeclo-
phosphamide chemotherapy there developed curing her treatment a2 hexor-
rhagic cystitis whic. was stiil present two months after treatment
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(Casares, ¥., eb al.» 1961)., In a three yeaar old child treated »ith

lerge intravenmous infusions of cyciophosphamide for three days followed

by maintenance dosages of 8 mg/kg per os for a metastatic neuroblastoma,

there developed one wonth gftgx therapy gross hematuria which pro-
gressed to "frank"” bleeding requiring frequent blood transfugions
which peraisted for two months until his death. A suprapubic cystos-
toxry by trochar was necassary to relieve blzider obstruction by blood
clote and eystomcopy revssled multipie petechial hemorrhagas of the
dladder, neck snd wall. There was no tumor in the bladder, cystograns
were normal and repeated urine cullures were negative. At necropsy
the blacder was large and {(ts wall was thickenad and appeared fibrous.
Aistelogically there wae marked vascularity of some areas of the
apithel{um snd {n the tissue below the epithelium. The muscular wall
was conglderab.y {!brosed extending to ghe serossal suriace. Such
pathology indicstece that cyclophosphamide can causc & chromiec fibros-
ing and hemorrhagic cyestitis that 19 severe enough to produce urinery
obstruction anc¢ "ersanguinating' hemorrhage {George, P., 1963). In

93 cases of vsrlour naiignancies under therapy with cyclophosphariide
thele were twe sases in whieh cystitis occurred., In one patieat with
lympnatic leukemls, bladder blewding precipitated death (Healy, J.,
1964). Dysuris followed by hematuria developad in frur :nildren '-ith
scute leukemia tollowing cumulative dosage ranges of from 3146477 mg/ks
ol cyclophosphamics. Repeated urine cuitivres werc negative {(Yermbach,
D., ¢k Al., 1962). Two out of five patients receiving daily mai{atew
nance dossges of 2.5 mg/kg of cyclophosphantide 7or Zving’s sarcoms
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developed a sterile hemorrhagic cystitis (Sutow, W., e% sl., 1962).
At dosages of 4 mg/kg per day in 29 patients receiving cyclophos-
phamide for multiple myeloma, two patiente developed a ''sterile”
cystitis (Rivers, 8., qf al., 1963).

Phillips, F., ¢t al., in 1961 conducted ths wost couplete scudy
of the relationships between cyclophosphamide and its 'active' deriv-
atives on the urinary bladdex. In his studies un rats asnd dogs
following dcsage regimens of trom 29-333 mg/kg of cyciophosphamide,
{t wag determined that the urine v lume was signiticantly decreased
during the firet two hourms following - itrsperitonsal acdministration
of 222 mg/kg of cyclophosphamide. 7The urine in these experimsntal
animals contained a t:igh concentrastion of alkylating sudbstances which
were neither cyclophosphamide or nor-nitrogen mugstard. The wso {in
his experir~ntal rats was determined to be 182 mg/kg. Most of the
deaths occurred after the seventh day following a dosage of 222 or
333 mg/kg. Lympnopenia and nsutropsnia in thess acimsls began within
26 hours and was exirems between Z and 8 dsys. 8acrificed anirils
showed extensive ulcerations of the blgdder mucosa with a dlo ty
2xvdate in the lumen., This exudate contained cellular dedbris, fibrin
and {(nflammatory cells. The ulgeration remained prominent thvough
the sixth day with repair and regenerstion evideat by the fourth day.
At this time mitotic activity vas noted in the epithel{ux cuteide the
sonas of ulceration slong with fibroblast~, histiocytes and poiy-
morphonuc lear neutrophils in the submuccsa. The bladder epithe!l fum
was intact by the eighth day. By the 12-13th day the apithel{um was
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normal but there wore numerous h.sticcytes laden with hemosiderin
throughout the submucosa. Edama which was evident after 24 hours
wag still present after 12-13 days. BEvidence of reunal lesions were
found in soms of the animals consisting of focal aress of hydro-
nephrosis and necrosis of the convoluted tubules. There was avidence
of edexa within the prostate but ii was thought tc be dus to coutiguous
damage from toxic urine. Dosages in rats as low as 29 ug/kg were Zoxic
to the dledder snd produced mucoss’! hemorrhages. Injections of "toxic
uring” dizectly into the bladder of female dogs from donor animals
treated with cyclophosphamide iniravenously showed nsrked aveas of
hemorrhage on the luminal surface of the bladder. Widespread :dema
waz also observed along with areas of hemorrhage within the sulmuccsa.
Some of the animals showed focal muecle necrosis. Thess pathologic
changes were consistent in thoee seen in the donor animals trested
iatraveunously with cyclophosphamide. Direct injections of cyclo-
posphanide into the bladder lumen of feaale doge failed to show arv
significant patholcgy.

Intraparitoneal injections of nor-uiiregen =y ard into thess
experimental snimals fasiled to show any evidence of blsdder dsmsge.
It is of {nterest &0 note that when cyclophosphanide ‘7as injected
in low dosages along with the cwotic diuretic mannitol, compl.te
protection of the bladder was observed. This was not the case with
higher dosages cue to an apparent anti-df ~itic effect caused by
these higher dosages (Phillipe, ¢C gl.., 1361). This experimental
snimal study indicates the foliowing:
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(1). Intraperitoneal and intraventus injections of eyclophoa-
phamide into rats snd doge &t dosages renging from 29-333 mg/kg

induce severe bladder tcmicity.

(2). BRvidence of h.gher concentrations of slkyleting agsuts
wers found in the bladder following cyclophosphamide sdminisiratiom.
However, ths toxic substances were nol cyclophosphamide per es eor
nor-uitrogen mustard. The tomicity of the bladder urine was proved

through donor-recipient bladder urine transfusions.

(3). The bladder dsmage can be min{mised through increased

diutuis.1

(4). The eite(s) of cyclopirosphamide sctivation are umcertsin

ss are the uature of gome of the i{ntermediary cytotoxic derivatives.

Lthe importance of adequate d.i.resis is mmifest in the low
incidence of chemical, sterile cystitis resulting ¢rom cyclophosphamide
therapy at University Hospital, Columbug, Ohio. In s préwste cem-
versation with Dr. Bertha Bouroncle, Agsociate Professor of Medicine,
University Hospital, she indiscated that she was not swers of a single
case of cyclophosphamide induced cystitis st the hogpital dor ever
a yesr and a half. Ber explanstion for this sbesnes nf cystitie was
due solely to proper hydration of the patiemt. Fallure o msintaia
sdequate hydration becams menitaet in one patient sufferimg from
Hodgkin's discase, who adnitted of boecoming somsvhat "dubyirated'
during finsl exsms while under treatment vith eyclophosphanide, and
who developed symptoms of urgency sand frequency of urimation which
wvas sttributed to the cyclophogphamide. With preper hydreaticun, the
symptaas ceased,
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My general conclugions in reference to thig subject of {yscitis
resulting frum cyclophogphamide following a review of literature

ars as follows:

(1). There seems to be s correlation Letwsen dose and frequency
Ot occurran e but no correlation in the relative time of occurzance
during or following the chemotherapy aduinistration. The relative
smaliier perceuiages wi ciiuical occurrances in che literature a-
compared to the other blolcric and toxicologic manifestatioms of the
drug is @ither due to proper hydration of the patients in rthe malority
of individuzle, ot to a low juccepzibilicy t~ netabolic produciy of

cyeclophesvuamida.,

{(2). The cytotoxic products producing the patholosicel comcition
in the bladder {s not limited to excreted unchanged form of cyclc-

phosplamide or nor-nitrogen mustard.

(3). The activation of cyclophosphamide {s most likcly due to
an enrymatic process o¢ urring probably at muitiple sites of the body.
Tha ensyme wost likely responsible (s nhosphamiiase which transforms
the "insctive' form - f cyclophoephamide to the "active' form resulting

in cytotoxic derivatives which can induce blasddar damage.
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NCTHODS AND MATERLALS

Expexingutel Animals fox Elsctxon Microssopy

Thirty-two vhite, mals Westar rats were obrsained on 6 January
1965 from the Carworth Farms, New City, New York. The weighte of
these :ninals on delivery ranged from 240-333 graas. The animals
were placed {n individual vire cages without bedding material in the
aiy conditioned animal roon of the Department of Pathology, Ohtie
State University, School o Medicine. The animals were given free
access to water and Purina Laberatory Chow manufactured by the Ralstom
Purins Company. According to the marufacturer’'s specification as
I.sted on the food bags, this food contazing not less than 237 snimal
protein, not more thaa 6% crude fat fibre, not more than 9% ash, and
noz less than 4,5% crude fat. The coratituents of the food consisls
Lo wedt ind bone maal, dried skim milk, germ meal, liver meal, dried
Leet pulp, Jriled extruded corm, oat {4 .ngs, soybean meal, dehydrated
z1%aifs eal, cane molasses, animal fat pces.rved in bdutyl. ldehydromy-
wigole, vitaaln B ,, calcium penthothenate, folic agcid, cibeflavin,
brower's driel yeast, thiamin, niacin, vitamins A, D, and E, activeted

plant atervi, phosphorous {odised salt, FaNH,, citrate, Mn80,, end

in0. The anilzals wers not given any other feod supplemsut. The animals

were ovserve! daily for a psriod of nine days during which time there
wap icditiona' weight gain (n all animals and 10 obwious mamifeststion
of ¢ .sease. All animals were alert and responsive, the stocla were

har! formed snd the urine vas a clear yellow. OMn the swvening prior to
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the initiation of the experiment, 14 January 1963, each individual
animal was again weighed with the weights of these animals ranging
from 259-342 graas.

8ix vials, each containing 3500 mg of eyclophogphamide, was ok~
tained from che pharmacy of the University Hospital, Ohio State
University three dayz prior to beginning of the experiment. At approx-
imately C50L hours on the morning of L3 Januery 1963, twenty-five
cubic centineters of sterile distllled vater was injected into each
of the cyclophosphamide vials. The injections were made through a
25 cc sterile syringe and a series of six sterile 20 guags necdles
following the removal of the metal protective cap on the cyclophos-
phamide vial and subsequent cleansing of the rubber stopper with
sterile cottou soakcd {n absolute alcokol. Introduction o: 25cc's
of sterile water into the vial {s the recommendad procedure for cyclo-
phosphiauide reconatitution (Cycoxan: Mead Johmsou Labora..ries,
Tabruary, 1364). The soiution wae agitated aud allowed to stand until
{t was clear. Upon complete reconstitution, the concentration of
cyciophoephanalde was calculated to be 20mg per lcc.

At appruxiuate’y (600 hours oca the morning of the 15th of
January sach of the thirty snimals was preparsd for an i(niraperitoneal
injection o1 cyclophosphamide. The quantity of the agsnt was deter-
wined by the {ndividual weighte of the . 1imrl 2t a doss of 222 mg. kg
of unimal {r constant volums o¢f approximately lcc per i0C grame of
aninal (Phiilips, P., q§ al., '961). The .“waals were held firmly

36

S— e o+ e . - -




and the agent administered {ntraspuritomeally with a series of sturile
Scc syringes and 235 guage one half inch oeedlas ingte tha snimal at &
point ecpprowiliuately mid-way between Bhe upper end lower right quadrant.
The shisrt neadle was used to minimiga any possibility of accidantly
perforating the intestines. All injections wezo comcluded without

any undo incidant. The two coutrol animals were injacted intra-
peritoneally with sterile {gotouic seline sclution ot £ volwusa of lee
per 100 gisns of anima! in an {dentical wanner., The sterile Sce
syringes and disposabie needles were obtained from Contral Supply,
University hospital, Ohio State University, School of Medicine.

Pocilowing the injections, the animals were observed at daily and
a.ghtly incervale for overt signs of toxicity for s period of fourteen
dsys. Thase observationsg incluZsd investigation of the physical status
of the animals befora and after excitation., Exeitstion included
physical probing and insufiintjion of the animals. Grcoss exmminatienm
or the urine of each animal during thegs ‘atervals was mzade for the
presence of hematuria. Individual animal weights were recorded omn the
Jrd, %tn and 12th day of the >xperimsat.

Animals vere selected to be sacrificed on the baosis of marked
physical debilication and wmresponsivensss st say tims over the psriod
of the fourreen diy sxpariment. The znimals selscted for sacrifice
were on the fol'owing experimental ¢-> ' 7 haurs, 24 hours, 3days,

% days, 6 days, 3 days, 10 dgys, 13 aad 14 days. The pericd of 8-13
days represeunted the times following the {niiial injec.ion whso natural
anias’ Jgaths owgurred.
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The animalg were poleaxsd and the abdomen was opaned by a aid-
line cross incision. The orgmnz, including the lungs vers examined
to deteruine any gross organ changes. The dladder was carefully
examined in gity. the ureters were cut and the¢ bladder removed. Fol-
lowing bladder removal i d{seection of the bladder was made exposing
the mucosal bladder surface. A masli portion of the mucosa was cut
out for osmium tetroxide Iixation. The remaining bladder was sectioned
then cut into two portious sand placed in buffered formal calcium,
These tissues were thca processed through fixation and dehydrrtion in
a Technicon, embedded {n parrafin and sect! ned to & thicknegs of
7»10 microns., The pactioned tissue was piaced on ‘ndividual glaas
micruscope slides ind staimed vith hematoxylin anc eosin.

The snall section of bladder (3~5 mm3) cut for electr.n microscopy
was finely cectioned with acatone cleaned ragor blades to a thickness
of approximatelv 0.5 to ! cubic millimeter and placed {mmedigtely inteo
2 g percent ‘goconles!ly prepared soiation o7 osmiun tetroxide cone
talning glucose bufteread in phosphate to a pk of 7.3 Millamig, G.,
1961)., At exactly me hour following f{ixation i{n omniun tetroxide the
oamiun was re.oved with a stoppered pipette and the t!ssue dehydrated
through 50%. 70%, 75% and abgoluts alecohol. Pollowing this dahydra-
tion nroceys, propyleue oxide «sas added to the tissue which was then
placed {n the refrigerator for tunlrty minutes. PFollowing thi. refrig-
ezation the r .seuu Vas placed in equal volurea of Maraglass apomy
ragin and propylaac omide for oue Loux and a half (n the refrige ~ator.
The aduizion of promylene ouide allowe for adsqudte wincibility of the
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epoxy resin and tissue which would otherwise not secur im alcohol,

At the sompletion -f this time interval the tissue wss placed in
Maraglaso epoxy resin overnight in the refrigerater to allow for
complate infilitrstion of the tissus by this ewbedding material. Om
the following day twenty-iwo individual tissuve sections of cach suimal
were placed ‘i separate plastic polymerigation cepsulss containing the
Maraglass epuxy resin, trapped air bubblas wvere removed sad the eapsules
pleced in n 57-60°C owan for four days in order to echievs resin poly-
nerigation, Pollowing polymerisetion, the plastic capsules were cut
sway <4 the tissus blodks scctioned vith a glass kmife on a Porter-
dlun ulrr.thin microtome to a thicknese of ome micron. The sections
wire rlaced on glags microscopic slides and stained for approximately
3G~435 seconds in a two percent solution of Toluidine Blus (Trump, B.,
eg al.. 1351) and then exsmined microscopically for the prasence of
bladder epithelium. Those blogks containing epitheliun were set

nside and the a2ppropriace bloeks for subsequent slectrom microseopy
were selectec on the basis of epithelis! nmagrosis, dy-plasis and
evidence 7f cellular regeneration. Those blosks eslectsd for sleetrom
microecopy werz zectioaed to a thiskness of 200 £ with o glass knite
on tha Porrer-Blum uisrathia nicrotems snd sxpandad to maxionss sise

by chloroson» vapor spplied over the seetions. These expanced sections
wern placed on 300 megh copper grids and sllowed to dry ou ths grius
*or sppromimacely tweunty-four hours. The grids were thean stained with
# saturatec solutiom eof 30% alcobol s&nd uranyl acetate for ome hour
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and o hal{ ip the dark MWatson, M., 1958), followed by application
of Llead citrate (Reynolds, F., 1963) for thirty minutes. The sections
were exscined on a RCA-IM-3F alectron microscope in the Department

of auatomy, The Ohio 8tats Univergity, 8chool of Medicine.
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RRSULTS

I. 2 -

Pollowing the intraperitoneal injections of cyclophosphamide,
the animals were observed Loy 'ly for any toxic manifestationa for the
first cightcen hours. Ons hou-r following irjections all the snimels
were regponeive, but there was evidence of "rufing" of their bhatr
coat. Three liours {ollowing injection one animal had developed a
marvcd hematuria and was aoderately unresponsive. At elr hours,
twenty-five ol the thirty experiwsatal animals had developed aarked,
qrossly observable hematuria. At seven hours the animal that hLad
Jeveloped gross hematur.a at three hours demonstrated a marked uare-
potgiveness to vhysical stimuli and was gubssquently sacrificed. Two
additional an "ale also dez0onstrating marked unresponsivene-« were
sacrificed at twenty-ifour hours. At the 37 hour perio’ all snimals
{norma's excepte.) showed a moderate to marked degree of unrespousive-
aces foliowing pirysicai probing and irsufiflation. At 48 hours there
was & noderate dezree of improvesent {(n terms of animal responsive-
ness n all but *hree animsls. $Sixty hours following .njaictica all
grossly observable evideace of hematuria bad disappeared from tiwe
rem-‘ning saimale and the urine was clear yellow. TYhree daye
19liowing inje-tion there was no changs in the eceadition of the
animals. the tiree animals previously deecrilbed at 48 hours as being
re'atively uaresponsive had remained 90, vith twe being sacrificed
sa the third dey end the other gacrifice” .. the follmiag day. C-'-
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culation or the waigh:e of these animels at 72 hours showed weight
logs fn al) animals ranging from 3 to 17 per ceat (Table I). Piva
days following injection hematuria was evident for the first time in
oue animal and had recurred in snother. On the eixth day following
irjection thirteen of the remaining twenty-four animals showed hcma-
turia. 211 but one of these animals had previously demonstrated
henaturia at six hours following ‘njection. The anima.s thamselves.
howaver, appeared woderateiy ragponsive and calculstion of thelr
fodividucl veights &t thie six day period showed av sdditionzl decrease
raaging from 5-16 per cent in twan., -one of the aninals snd an lacreasc
of approximately thre¢ to five per cent in weight, as compsred to
thelr weights calzu eted 2t 72 hours post injectiom period, in the
semainirg three animala. The bematuria described (n these animals
continued intermitteatly over the next five daye but hul cessed in
¢!l butr two animals by the tvelfth day. Gerersliy, sil animals had
st D a aodarate degree of responsiveness from the -~ixth duy post
isjection vntil the alght'. day. On the eighth day the :irsl anine:
wae found dead and the regponsivaness of some of the othar suimals
had deteriorated. uUne anims! found %o be markedly un.erpciosive to
phydical etimul!l at this time was secrificed. pDetericration in goge
anisale continued over *he next f{lve days resuiling in addiiional
natural diaathe of three animsis on the niath day, two animals on the
teath day and ona om the thirtsenih fay. At these l.me intervais of
nine, ten and thirteea days, one animal wee zelected to e sacrificed.
all of those animals sclected weres markedly unrespieoive and appar-
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ently nsar death. Calculation of individual animal weights at the
twelfth day following injection indicated that there was weight loss
ranging {rom l-10 per cent in eleven enimals, weight gain in one
aninei and identical weights in two animale, wvhen compared to their
calcuiated waights at the six days post injection period. Observance
of the other animals over thie pericd of time showed s gensxal
increase in respo-sivenss: end activity. Oun the fourteenth day ne
remsluing animal demonstrasted any evidence of hematuria and all sppear-
ed increasingly respousive to physical stimuii. In order to study
electron microscopically any evidence of bladder regsneration, ome
animal was selected at this fourtaen day period to be sacriftced.

In conclusion, observaticns of thirty male Weatar rats following
a single intraperitoneai injection of 222 mg/kz of cyclophosphamide
indicates the following:

1. Toxic aanifestations as early as thrse houres following in-
jretion in the form of hematuria,

2. Widespread hematuris affec*ing 25 of the 30 animals within
riX hours along with marked decrease (n r-sponsiveness in all animale
3¢ bhours {ollowing injectiom,

3. Cessation of gross hematuria after 60 hours followed by
recurrance at periodic intervals in some animals,

4. Natural dsaths oceurring 8 to 1} days followiag injsctions
vith the maximum aumder of deaths occurrimg ca the 9th day,

5. Bvicdence of saimal rehabilitstion in pqmg animals ou the
twelfth day and in all the rensining animals by the loth duv as
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evidericed by the lack of hematuria and .narer se in responciveness to
physical etimuli.

That these effects were the result of cyclophosphamide {s evi-
der :ed by comparison with the control group of animals in which pro-
greseive weiglit gain occurred with no heasturia or loss of responsive-
ness following physical stimulation ower the eantire sxperimental period.
I1. Microscopis Xnvestizaticn

A. The Noxmal Bladder of Rats

The bladder is a hollow muscular organ which varies in ghape
and in sige depending on the amount of urine it contains (Woodoburne,
A., 1%1). Ia the rat there are Zive pairs o organs, surrounding
the bladder, which are much larger than .he corresponding organs in
man. The organs consist of one pair of prostate giands, two large
hook-ghaped and couvoluted suminal vesicles and along the concavity
of these vesicles are the coagulating glands (Parrias, E., e = .
1949). The mucus =enbraue lining the bladder {s loo0sely attacied to
{ts musculature over aost of its surface area and this appears ~rinilaed
or folded except whou the bladder is distended. The arteries >f the
bladder are the superior and inferfor vesicles crigluating from the
anterior trunk of the internal {lia. artery. A dense networx cf veins
surrounds the n. ~ of the bladder in the eni pelvic are@lar tissue
{(Woodburne, A., 1961l). The vall of i{he urinary bladder iz composad
of the same elements as that of the lower part of the uretar. This
composition consists of Cransitional epitheliwn which varies in thick-
ne-s according to the degree of distension, the tunica propiia, smooth
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muscle and adventitis (Hoskins, M., gt al., 1952).

Light ghotomicrographe of formezlin and ossiua Yixed normal
bladde: epitheliun of the rat (Pig. 1) showed that the tcansitional
epithelium rconglated oF several layers, with the surface cells larger
and somevha’ aovre “lottened than the intermadiate or basalar layers.
Occasicrnal denge bodiee or 82 called "lipoid granules™ were often
p fzent T thw 2arfece celly but rzarely in the {atermediate layers.
oot elar renfizuration of the intermediate and basalar laysrs
appearcd pozewhat polygonal. The basement membrene benasth the
bass er zell layer wos thin and not distinct. Tre connective tiswu:
of the laminr proarie tas somewhar dense ind {n the deeper tissue
arzag. th2 amocth meecle onewrnd yery thlel,

Electror. photouicrozraphe of the collapsed blodder epitnelium
o0f the normsl rat =:T¢ congistent with renorted observations in the
Litersture (lz2eov, R, 1362: Richter, V., of gl., 1963; Porter, K.,
€L &L '963). T-: el! tyres rerresenting the traasitionsl epithe-
Liwe of the 7at 1.8 or congisted of » guperficisl cell whieh border
the bledder lusen, un {ntorsediste cell fype which appeared slightly
smeller than the saparfizial cell type, and » tasal cell which rested
upon a thin Lisame o tenvrane (Plg. 2). The superficial cells were
sonewhat flattens? inc possessed 3 mar-ed {rregular or "scalloped”
appearance at :he lusenal surfaca, (rig. 3). Vichia the superficial
cell aa¢ in the proximal areas of the iantermediate cel! larers wers
Lumerous round and compressad vesicles (FPigs. 3, 4 end 5). The cyto-
plasm f these transitiooal cpithelial cells contained a few emall,
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relatively electron dense mitochondria, occasional donss bodies, and
a finc fibrillar coasponent seen o its best advantage in Pigures 3
and 4. The plasna membrane was highly interdigitated with a terminal
bar promimnent at the luminal surface (fig. 5). The Golgi apparatus
was relaiively incongpicious in most cells (Leeson, R., 1962) and the
sudoplasmic reticulum was pressnt ss rough-surfaced ci{starnal climentg
(porter, K., 4t gl., 1963) (Fig. 8). Small, relstively uniform
ribcsomal particles were present in the guperficial cell (Pigse. 4, S,
and 6) as wolil as the intermedizte and L. ealyr cali componsents. The
intermediate cellular layer contained the compressed and round veslicleg
in ares: just proximal to the surface epithelial cell and relatively
the same quantity of cytopl.smic orgsnelles (Figs. 2 and 5). Ccca-
sional small denge bodies were also sesn in these cells. The basal
layer did not have the copressed vesisles. The nuclel of these
cellg were omseller than the nuclei of the surface or intermediate
cells and were congiderad to be the least characteristic of the three
cell tyres (Leesou, E., 1962). The bass. ceile rested on the base-
sent memorane which divided the epithelial cell layars {rom the lamina
propria (Fig. 2). The lamina propria consiste. of relatively dense
counective tissue composed 0f collagen ibres surrounding fibroblsaatic
collular components and capiilaries (Fig. 7).
R. Cytopathology of the Rat Eladder Rpithelia after Cyclophogphamide

The first snimal wves sacrificed seven hours after the {atra-
peritonsal injection of 222 ag/kg. This animal wvas the iirst of tne
exparimental group to demonstrate cvidence of gross hemsturis which
occurred three hours following injection. At ti< time of death, the
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the animal had s marked lack of responsiveress to physical gtimuli.
The distended bladder in gity showed no evidencsc of hemorrhage. The
lumen of the dissected bladdex was filled with clotted and unclotted
blood. Microscopically the bladder had s three plus edema and evidence
of hemorrhage. The epithelium was inCact in some areas but evidence
of exfoliation was noted in other aress. Microscopic exsminatioca of
the toluidine bluc one micron sections indicated no remarkable
cellular change (Pig. 8). The tissue was not observed in the electroa
microscope.

Twenty-£Sour hours following injection two snimals, wvhich were
not responsive to physical stimulation were sacrificed. Bboth of
the animals had developed gross hematuria six hours following injectiomn,
with the hematuria pergisting until death. Jn gity exsmination of the
abdoninal and thoracic cavities indicated no groocs abnormalitiss
although the kidneys in one animal were pale. There was no evidenee
of hydrourcter. The bladder indicated no arsas of hemorrhage, but
the lumen contained fresh blood and blood clots. Microscopic exami-
nation of the hematoxylin-eosi{n and toluidine blue sectiomns indicated
two plus edema, cvidence of hemorrhage snd marked epithelial desqua-
mation (Pige. 9 uad 10). The kidneys had a slight amount of tubular
damage.

Electron nicroscop.¢ examination of the osmiusz tetroxide fimed
bladder sections demongtrated ¢ome areas of hemorrhage as evidenced
by the presence of red blond cells aad fibrin aloug with inflsmstory

calls and products of celluiar degensratican (Fig. 1l). Mmerocus
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extremely electron donsc particles of various sizes surrounded by a
gingle unit menbrane, wcre observed within the neutrophils. These
particles arc interprcted ac poasibly dbeilng phagocytized gronules
assoclated with other rupturcd and degeneratiang granulocytes (Pig. 12).
The epithelial ceolls contzained a large nunmder of granules thot
were i{rregular in shape and surrounded by a single woembrane (Figa. 13
and 17). Thes~ structures are considercd tc be lipid granules. The
cells lining tha lunen of the bladder had only occasional compreesed
vesicles =inilar to thusc in the cells of the control group (@igs. 17,
19 and 20). There was an i{rcreased number of small, {rrcgularly-
ghaped round wvestcles In the cells lining the lumen and in cells
beneath thea (Flg. 13 cad 17).  These smaller vesicles could ropre-

sent a morphologicul alteration of the compressed vesicles socen in

rhe nom il epithelial surfece ecclls. The endoplasnic reticulum consist-

oed of agranular cisternal end vesiculer clements (Figs. 13 and 14).
Occasionally small whorls of agrarular endoplasnic reticulum were
presecut (Fig. 15). In some cells, granular endoplasmic retfculum was
alec present, (Fig. 16); The Golgl apparatus in same cells was pro-
ninent, (Fig. 14) and portions of {ts components appcared swollen
(Fig. 17). The uitochondria of some of thase cells were nomal
although they wcre less cloctron dens? than those described in the
nomal cells (Fig. 13). In other cell, comx of the mitochondria
appeared damaged (Figs. 16 and 18). 8ome cells had irregularly chaped
structurcs, vhich were surrounded by a single or double membrane

and vhich were considered to be products of cellular degeneration
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separaced fram the viablo cell componenta (FPigs. 17, 19 end 20).
Deasc bodles of various sices (Pigs. 14, 15, 17 and 20) wers evidmme
in some oi the cell types. The pissna penbrans was (oterdigitated
thooughout those cells with occasionsl evidence of termizael tars oesr
the luminal egurflace (Pilg. 13). 1In isolated arves the {nfercelluler
spaces were greatly lacreaeed (Pigs. 13, 16, and 19j.

Turec days after (njection of cyclophogsphamide naried detericration
wag cvideat in threo enimale. Two of thess animale wero eacrificed oe
the third dsy aad the other anlmsl wes sesrificed ao the fourth day
after lnjection. Ji gill exeninsticn of che orgens of tin psritvcaesl
and thoraclc cavities {ndicoted abnomalitice only in the bladder.

In oll three enimals g giky examinstion ol the bladder showed

large hematona cppearing nasees o the surface and emsll focal aresc
of hemorrhagc {n the lumen. There was no grossly odesrvadle boma-
turia !{n thesc animais at the Cime of death. Microscopic emazinetiom
of the homatozyiin-ecsin and toluldine blue eecticns imdicated a vexy
sinilar pachology. The changes consleted 0f a two to thres plus odema,
submucosal hasorrhage (ncluding wascular mecrcsis and ypecifically,

in the animal gecrificed four days after {njection, dazaged epitheliwm
vith the possible suggesticn of regsneration (Figs. 21 and 23).

The two nost conspicious charectexistice of the bladder epitbelial
cells in thess four day enimels wers merbed degree ¢f homorthere ond
a dimintished cell cobesion which created large extracellular spaces
between the cells (Pige. 23, 24 end 23). Als0 characteristic of theee
calls wvas a cytoplasnic disorganisatiocu probably due to tho incraesed
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exfolistive tendeacy of those epitholial collg, Iwmerous very scall
vesicles wore present throughout the cytoplasm end the fine fibrillar
campondtts seen in the normal epitheliun vwas imequally distriWtcd
within the cytoplasn of hese cells (Pig. 23 emd 24). iliemerous
erythrocytes werc preceent in the intercellular ppaces (Pigs. 23 and
24). Spall microvilli were soen along tho surfaces of many ccilsg
wvith conscequent release into the extracellular gpaces (Fig. 24).
Within the cytoplasn of some cells were multiple deposits of irregu-
larly-ghaped eclcctron dense matorisl (Fig. 25). This matorial did
not goom Co be mombrane bound and its nature ig unclear. Dejcnerating
aitochondria werc preoent i{n some colls (Fige. 20 and 27). Multi-
aucleation occurred ‘n sowe colls (Pigs. 24, 3C end 31). The cndo-
plasnic reticulun wag iocreased in many of thoee cells in the fom of
cistesmal graaular clements (Pige. 28, 29, 31, 32 and 33). Occaciom-
allv '"mycloid-lile" figurcs conpoged of goooth double nembroaes o d
surrounding cytoplasnic somponcats werce cbsacved (Fig. 29). Some of
tho celles eontaincd numcrous round vesicles and dense bodice of
varying sizes end shapes, (Pigs. 30, 31 ead 32), intensive Golgl
complexes and leag {usifom citochondria (Fige. 31 and 33). 1t 1o of
further intersst to note that there was a totel ebsence of the con-
prossed ¥esicle camponent assoclated with the gurfsce. and intermed.ato
nommal caell types in all of these cslls. Within the connective
tissue component and interspersed between the collagen {ibers were
capillaries vhose endothelial cells bad a merked increase in orgacelle
components. Some of the Pibroblacts had altored milochondria, endo-
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plasnic reticulum and uniformly homogengous aggregates of aleztrem
dense matorial surrounded by s single unit mecmbrans (Pig. 34).

Bight days followirg injection the first of thae experimental
aninals died. Evidence of deterioratican in soma of the anicals was
evident at thig time by their lack of rospensivencss to physical
sticmulation. One animal that was merkedly unregponsive and hematurie
wag scerificed on the cighth day following injection. The abdominal
and thoracic cavitics had no obvious gross abnormalities. 3p aitu
exenination ¢f the bladder indicated focal areas of hemorrhags aloung
the bladder surface. The lumen of the bladder contained fresh and
clotted blood. Microscoplic examination of the bladder tissus sectiocns
indicceted one plus cdema, cvidence of hemorrhage and mult{layered,
regenercting dyeplastic eplitheliun (Fig. 33). The bone marrow was
hypoplastic with cvidence of deWris and f£ibrin.

The clectron photoaicrographs of this bladder tissus showed
necrotic and regenerating cells. In some cells (Figs. 36 and 37),
the plasma wembranc had ruptured and the cellular contents wvere ex-
presoced into tha lumen. The nuclear menbrans was broken in many areas
and much of the chromatin had dispersed to the edges of the nucleus.
Numerous suall vesicles of varying sises and shapes occupied the
bulk of the cytoplasm along with moderately large vacuolas. B8Scoe of
these veeicleg surround other smaller elactron dense spherical bdodies
wvhich were themselves bounded by s single unit membrana. These were
{aterpreted as lysosomes and/or cellular attempte at sequestratiom
of damaged cytoplasmic componunts. Evidence of endoplammic reticulum
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and mitochondrial altoratiocn coculd Be pecu in the cytoplasm of che
surrouncing cella., 1In the most goverly afficted cellpg the mitochondria
wece swollcn amd zppearcd frregular {Fizs. 33, 30 end 40). In gomc
of tho mitochondria there wss notable sbsence of the cristae or the
cristac arc bent hack agaiust the inner mitochondrial membranc (Fig. 39).
1t is interecsting to unotc that these mitochondrial atyplcelitics were
not uniform throughout thc ceclls end that there were mitochondria
within the same cellp which did not appecar as severly affccted (Figs.
38 and 41). 1o general, the mitochoandria appearcd larger end lcee
olectron dense than the mitochondria in the norwal cells. Huocrous
round vesicles, some contalning clectron demse materisl werc prceent
in many of these cclla. The endoplasaic reticulu {n theege cells was
granuinr with gome of the cistoranl elemente slightly gwollen in comn
cells (Figs. 33 and 39). The intercellular gpaccc betweea the cells
{ncreased (@igs. 39, 40 and 42). Deumosomes and cytoplamaic tono-
fibrils werc still precaent (Pigs. 38 and 4C). Wichin gome of these
altered cells donse bodies of varying sizes and shapos were obgorved
(Pig. 41). Within the dysplastic multilayeied opithelium there wore
aumerous scall apparently iomature cells, with irregularly shaped auclel
and peripheral aggregates of chromatin (Figs. 43 and 44). Many long
strands of granular cisternal endcplasmic rcticulum and prominent Golgtl
complexes characteriged some cells (Figs. 42, 43 and 44). Numeroue
cytoplasnic microvilli extended from the cell gurface and inter-
digitated with the microvilli of adjoining celle (Fig. 44).

Nine days following injection 3 of the animals died. Of the
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rensining 19, 6 evidenced no worsening of their conditiocn, 4 appesrsd
incraspsingly responsive to phyeical stimulation, and 9 appsared wvery
wrespongive to the scimuli. Iwo of the lattar group were searificed.
Examination of one of the sscrificed sunimals indicated dleeding from
the left ear, but dissection of the left side of the hesd and left ear
failed to ghow the cause of the hemorrhage. Zxamination of the
abdoinal cavity wndicated a pale sppearing liver which was removed,
fized in forwalin end sectionsd for light microscopy. The dladdsr
showed a moderate smowit of yellow urine. The bladder tissue had no
evidence of edema or heworrhage and 4 questionable noral epitheliwm .
The bae marvow was atrophic with fatty deposits and 4 relatlive
absence of celis. The liver was described s¢ ~hiowing evidencs o.
cloudy swelling w th nc fatty met- «~iphoels (Fig. 45). In the secound
animal the kidnays and liver -e<r- ss8le in appesrance and theru wus

& large henorrhagic srea va the surfacs of the left tseric’~-. dicro-
scopically the kidneys shicwed tubular dassage with criden~e 0f 1ed
blood zells vithin the tulaiss (Fig. 6-);. The booe ma.rc: wag crm-
sidered badly demaged with cu..4iia:asble hypoplasia orf the bon: merrow
sloments. The testiclus showw . a marhed degres «: cacrrhe .
pecrosls (Pig. 47). The bladder ip ity =howed no svidance of hamor-
rbage. Digection of ths bladder shomd a msll amount eof yellow
colored urine. Nicroesopic enmminstiocn of the hematixylin-eoein and
toluidine biuve spections of the bladder from ihese twvo mmimals was
sspentislly the same; serc to one pluz eduma, no hamorvhaga and
wseriocnably nommal, sulti{layered epithelisu with some evidencs of
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dysplasia in certain sveas (Fig. 48).

Electron photomicrographs of this biadder tigsue indicared three
major areas of cellular changes. cytoplamaic and nuclear vacuol.satiom,
change suggestive of cellular sequestration and dysplasia with
Tegenerat ion,

The most remarkable festure in some of the bladder epithelial
calls of the auliial, sacrificed at this time were the cytoplasmic and
auclear v:ucuoliigation of the suxface cells. In Figures 47, 50 sud 53,
the pur’ace cells with their protrusions of microvilli into the lumen
showed lLarge cytoplasmie and/oy nuclesr vacuol.gation. In Pigure 49,
there were two roderatsly laipge vacuoles L this surface cell wich
possible binuclesl on. Within these unclei there wes peripheru?
condengations of welesr chromatin and the suggestion i gn ilncreass
eleceron dens’ity. In Tigure 50, there appesrs to bec vecucle (. akilom
i addition to the csicbl.ghed cytoplasnic vacuoles within tinls
apparantly active cell., The aicochondric i thils cell were awsrous
atud 45 2 general ruls, consistently longer than $hose described v«
nomaal Sladder cpitlliun, That goge of these vacuoles represc ted
o attempt ou the part S tha cell to cequester out diusged elemwals
cau be setn o Figure 5i. In this cell there vas a large tocal ares
of degeucrating substaancea which war surrounded by a slagle and
samtines double unit oswubrane. At the saw tuw Che mileus wiu
gomewhat alect: u dense aud wnlatersuptediy servoundad Dy ts umit
macbrane. Muitiz.e aqucleol: were seen and LoEre Wes #n incvesge (o the

. o . . ¢ B i ore L)Y a1
rough surfacnd cudoplasmic reticulum, I Figure W7, suditlomas

L/

B




exsmoles of vacublar inclusions were pregsent. Mumerous srganellss
were soen ti this call including cccasiona! vesicles of the compreseed
typs as described ia the normal surface epithelial celil. Ramarksbls
mitorhondrial alterstion wers cot gensrally manifee: in these cells
but most changes chiefiy consistad in an ineresse in sise, length and
configuration with some evidence vf degensrstion. In cne ares, howver,
surrounded by plasna membrane interdigitatioms wers a cluster of
large swollen degenerating mitocchondria (Fig. 54). The endoplamic
r~ticulum was markesdly increased in the majority of the cells over
thie aormal epitheliun in the form cf rough or granular cisternal
elements (Figs. 55, 56). The connective tissue component of the
lamina propria had fibrcllastic degeneration and necrosis {(Pig. 57).
The second zroup of cellular changes was an spparant diswmity
between the cells extending all the way to the basument ssabrane
{(Fige. 35 and 53). No such disorganis.tioz was manifest in the
gactiong of nommal celis. In eddition, those odviously exfolistinrg
cells sppeared to be undergoing degenaration as manifest by the
numerous guall dense bodiss (Fig. %8) sad nuclear fragmentation (Fig. 39).
There could be noted in other csllis hyperactivity with numerous
mitochondris, vound vesiclss, prominent Golg! coeplexes. snd endo-
plasmic reticulua {Pigs. 535 snd 56). Numeriue dense granules cf
various sises were prasent in gome of the celle along with cisternal
elanents of the grenular sadoplasmic reticulum (Pige. 36, 6G and 61).
Celluiar dveplasia snd evidence of cellular regenerakioc vase seen
{(Figs. 62, 63 and €4). Nuclear dysplapia was characterised by fn-
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creasad electron density of the nucleus along wizh pecipberdl muclaurx
chromatin sggrezatioas and multiple nucleoli, In addition, loug
{{lemsntous elements of endoplanmic reticulum, suggesting increased
protain symthesis, was present in many celle (Fige. C3 ans! 64),

On the tenth day following injection an additionsl two animzls
#nscxided on the ninth day as unrespongive had died spontaneously.
Up to this time, gix animals had died naturally and nime animrals had
baen gsacrificed. Five of the nine animals which @@re described as
markedly unrespongive on the ainth day were still unrespousive but
alive oo this terth day. Decsuse cof the two natural deaths at this
time pericd one of these anima:s wag sscrificed. Exsmination of the
avdominal cavity showed 3 pale liver and Ridneys. These organs were
excised, sectiongd and stailned for light microscopy. ]n gty exan-
ination of the bladder showed areas of hamorrhage on the biaddar
surface. Disection of tite bladder srowed a suell amount of yeliow,
clear uring. Microecopic description of che kidneys indicated focal
areas of tubuiar damage Fig. 65). The liver showed focal areas of
accrdgie with chronic passive congestion. The xmicroscopic descript.on

-
2

o7 the tematoxylin-ecsin and toluidine dlue dbladder pections showed

1 one plus edama, o9 plus hemorrhage and the suggestion of healiag

by tne appcarance of r muitilayered epithelium., in addition, an

xorphoLg sppearng materia! vas evident between the cells (Fig. 66).
Eicctron microscophrally the cells of thls multilayered epithelium

woe relatively uvaremarravle except {or the prepence of the intsreeilular

spaces which has been describecd in aii ¢f the aniaals up to thie

time (Pig. 67;. .‘ioticeao!y pruget in Chese cellg were nuaercous
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dosfpscmes and zelisf . sing mulvip.e ani prominent nucleoli. In »me
areas cf this miltilayered epithelium were cellis in wbiek the extra-
celluiar spaces were larger and had begun to 11l (Fig. 68). Tho fine
fidbrillar material of some of the cells was sesningly aligncd alouy
the celluiar margin adjacent to the plasms membrans interdigici:.! we
(Pig. 69). Thie "{illing process” is sean to better advantages ‘-
Figure 70, which ghows a marked increase in polyribosomxl rosetts
fomations along withi occasionsl mitochondris which ere irregularly
shaped. Elesents of rough endcplag.iic reticulum and the [ine fibrililar
component verc also in evidence. Figureg 71, 72, ana 73 show the
extent of thiis cxrracelluler filling with wmoderately electron donse
aaterial alons with proaninent desgosoneg. In Figure 72, nvmerous
round vesicley are in appearance along with prominent Golgi areas.
The nuciei in all of these cells appeured very sctive with increased
uuclear densitics, peripheral chromafin aggregations and prominsat
nuclesl.l. Figures 74 and 75 show portiong of cells in which vome of
the mitochondria werc noticeable swollen and 4istorted, the endo-
plasaic slightly swollen and s™ewbit {rreguiar, and nunerous round
vesicles and dense bodies of varying shapes and sises. The attompt
at cellular sequestration is evident in Figure 76 vhere a large
spherical clectron denss substancs is deinx segregated in the cyto-
plasa of the ccll, along with other degensrating callulsr matsrial,
by & single unit membrsme. With seemingly increasyd frequeacy ave

¢ numbers and preiominsnce of the Solgi camplemes in mawny of thess
cells as seon in Figures 77 and 78. It's significance is uncleasr,
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tut ond may perbeps suggest that there might b & ratation between
the cell's incressed secretory capabilit; as msnifest by such & pre-
Jominence of the Golgl systeams and the emi °~csliulax filling evident
in many of these cclls, I becames interest:d in obgefving as to which
diresction this naterial {s going, i.e. from the gurfsce forwards to
the baasment menbrane or from the submucosal arsas forward to the
surface cells., Ia Pigures Y9 and 50 numercus intercellulsr filling
areas were noticed tiear the surface cell. The higher magnisicatiom
of Pigure 8U ghows nicrovilii which geem to ariss from a “budbling”
off the surfsce coll with consequent iiberatiom of the former cyto-~
nlasnic componsnt into the luman. Io additiom, there is present

a mucuid~lize ag-regation at the surface layer of these cells whici
was int mmreted as lipid. Pigure 31 shows s 'fluffy’ electron
densge natorial ~ithin and parrially obscuring the colilagen fibers ol
the coanective t . ssue component of the lamina propria. This matorisl,
iu more lilute Jors might represont approximately the ssne electron
denssness as sven 10 the intercellular spaces. Figure 32 shows at
higher magni: .cat.on an app@rant communication between the plama
membrane ana 3 aomowhat dissolved or vbacured basenent membrane.
Coasequuntly ti Jquestion as to the origin and flow of this materidi
remained ungolved.,

Ou toe thirteenth day following injection fourteen aniwals re-
maised alive, Elews Jf the fourteen showed increaped activity and
three ~omsined modsratdly unrespounsive., Durlng the thirtesnth day
one 01 these unresponsive mum. _J died snd another was selected to be
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sacrificed. This animal had had intemmittent episodes of hessturia
through the twelfth day but there was ao evidsnce of hematuris et Che
time it was sscrificed. The animal that had died asturally had
episodas of hematuria through nine days sfter imjectien dpt haé showm
no hematuris at the time of death. BExmaination of the abdominal end
thorac!c cavitics indicsted no alnormalities and further exsainatiem
of the bladder both in 34ty and in the emcised state indicsated it to
be assentially nomal. Light microscopic exsmination of the bladder
tissue sections showed no evidence cf sdena or hemorrhags with dmee
layers of poseibls regenerating epithelium (Pig. 33).

Electron photonicrographs of this multilayered epithelivm
indicates areas of saall polygonal, spherical cells approximating the
size of the normal basal epithelial cell but containing mora organells
components (Figs. 64 and 85). These auclel appeared somsvhat hyper-
sctive wich prominent single sad multiple nuclesli. The mitochomdria
ware relstively asaller than those describad in the previous experi-
mental groups but were semmingly incressed luo mmbers over the nmommal
cell camponent. Bupty iatercellular spaces were still very muca
in evidence aloug with multiple desmosomes, and occasiousl dense
bodies (Figs. 85 and 8%). The cells lining the basemsut membrans
sppeared to be longsr &3 cowpared to th polygowal, *n:iu). cells
previougly described (Fig. 87). Ar higher magnifications, elemsats
of the granular endoplammic reticulum usd small aitochondria could
be soen (n this slongated cell type as it rests oo the bagemsnt
eeabrane adjasceat to the connective tissus couponent of the lamina
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propria (Fig. 83). Relatiwvuly loss frequent but still ococasioumally
prmet were Jocal sreas of cellular degeneration as evidmnced by
saal]l extrarely electron dense deposits of metsrisl surrounded ty o
oingle unit membrane. In additica, whorls of gmooth aembi mee and
somsvhet swollen zitochondria ware ocscasiocnally sresent (Pig. $9).
In scme occasional cells there was evidence of cell shrinkage with
condongation oL the altered orgsnelle camponents in ths fomm of
swollen miicchondria, prominent Golgl sones and ectevhat onlarped
sisternal slements of thy gramilar endoplesmic reticulum (Fig. 2Cj.

Poutteen days pust injection ali of the remaining twelve animzle
were responsive to physlcal stimulation including the one remaining
animal deserided at thicteen days as moderately wirogponsive. Thig
anlme!l was selectec at this fourtesn day period to be sacrificed.
Examination of the sbdeminel and theracic cavities lLundicated e
pbeervable chonres in the urguns including the “ladder. Light aicro-
scopy w7 the biadder tissue !ndicated a one plur edeme and hasswryhasc
with g multilayercd sowhat dysplastic epitheliwms (Fig. 1),

Electron nicroscopy of this bladder epitheliun indicatys mmwrocs
stall cellp wvith srominent, siectrom dence nuclel (Fig. "2). Occasional
denge bodlus woze seon along with nommel appearing electron Jdense
mitochondria. Occasional bisucleatiom was noted in emas of the surface
colle (TLg. 93) vhich aleo contained mmercus compressed ar . rowmd
veaiclas., Occasional svidenss of cellular depeneration could etill
8c obesived among the osimel cells (Pig. ). There were otili areas
along th: plasma texsbrace in some cells hich shoned increased
inwesslliular spacce (Figs. 99 and 28). However, in the vast
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majurity of cells, Figures % and 97, the plasms membdrons int..digi-
tated closely vith the adeence of iargs intarcellulsar epeces. The
wmost couspicious charscteristic of many of thase wmoderstely dye-
plastic cell2 is the rsmarkadle increass in the rough eadoylammin
reticulun and mitochondrial organelle componerts (Fige. 97 and 98).
In Figure 98 and at s higher magnification (Fig. 99), long stramds
of endoplasmaic reticulum appeared in clioss proximity to the aite-
chendris mlminacing (n some cells in a vhorl-like urrsngement.
Occasional sasll vacuoles were aleo seen ir soms celie alomg with
denge bodiea, ribosomes, and fina fitrillar cieponente (Figs. 97, 98,
and 99). ‘the fibroblastic coumponents of the comnective tiseve

appsared nommal with oaly the suggestion of 2 small amount of eduns
{Pig. 100).
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ST8CUSSION

Cyclophosphamide when: intreduced into snimels or man i{s cutverted
from an '"tnactive” to an "active" cytoxic derivative(s) (Des Pres, I.D.,
1960). The mechanisz of this transfommation is considered to be
through ensyusic action of phosphamidases or acid nhosphatases
(Coggens, P.R., gt al., 1960). The rat bdladder epithelium has high
poosphanidase activity {Jfeyer «and !..nemarm, gt gl., 1957). Aninals
receiving intfaperitoneal injectiome of cyclophosphanide developa an
acute cystitis similar to the human side affects repcrted in the
l1i{terzture during and following cyclophogphamii~ chemotherspy. Hosever,
direct inlections of the inart cyclophogphamide into tha bladders of
experimental animals (Phillips, gg al., 1261) did not cause a cyte-
toxic effect and suggests the forma'ion of the cytotoxic derivatives
probably at multiple gites in the body.

Rlectron micrographs of transitional bladder epitheliunm of
Wistar rats following a single intraperitoneal (njection of 222 mgl/kg
of cyclophosphamide {llustrate four general cytologic changee which
wvere evident to varying degrees over a fourteen day experimental
period. The first of these .ytologic alterations, cellular degeneratiou,
was mwost noticeable within the cytoplamm of the biadder epithelium of
the aningl sacrificed tweniy=-four hours sfter injection. The second
cytologic cheracteristic, csllular exfoliation and cell death, occurred
pradominantly in the acimals sacrificed four. eight and nin~ daye
a’ter ilni~.zion. Tellular dysplasia, xost notable affecting the
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sucleus, and cell reganaratisn were the othazr cytologic representations
observed. Cellular dysplasis and linited cellular regsneratiom oeccurred
58 early as eight daye after injection. Regenerating normsl epithe-
1ium was the dominsnt charastsristic in the animsl sssrifieced fourteen
days after injection.

In the animals sacrificed twanty-four hours afte: injectiom,
irrsgularly-shaped electron dense gramiles sirrounded by a singla
unit meubrane was observed.within the gramulocyter located in the
areas of marked cellular degeneration. It is feit that thuey represent
phagocytizged grsnules liberated from other cells of the granulocytic
geries which wers uxdsrgoing degenerstion. Hodsoun, P.R., 191,
described an increased granulocytosis in intsrstitial cystitie end
ulcerative coi‘tis following the adainistrstion of diphtheria tomoid.
Thene granulcceytes reached a maximam concentration after twenty-six
hours. Thess cells had polymorphous 1uclei, cytoplasmic odems and
"shedding of granules with mononuclear ingestioa”. Itoga, gt 4l .
1362, described tha presence of cytoplasaic inclusion bodies, parhape
identical to the Dfile bodies deecrided in some pathological states,
slong with other "cosrse dark staining grenules™ occurring siogly, eor
in the form of mu'tisls inclusions wihia the gramulocyzes of patients
wmdergoing treatwest with cyelophosphanide. Theee tuclusioca bodise
were located in the peiiphery of tha cytoplesm and occasionally pro-
trudsd deyond the norwai cell coatour. The owmbar of the D¥hle bodies,
the blochemical bssls of which {s unknown, imer-ased vith dgcraasing
meturat ioa of the granuiocytes during cyclophoeph- s chenotherapy.

63




This suggested to Itoge that "cyclophosphsmide interfered with nuclsar
and cytoplasmic maturation reflecting a besic disturbamee of nucleie
acid setabolism”.

The most distinctive characteristiec of the norwmal tranei toual
opithelium was the presence of compressed and round vesicles in the
suparficial and intemmediate cell izyers. Compresesd vesicles have
been obse:ved only within traneitionsl epitheliwm (Rhodin, J., 1963).
However, their morphologic appesrance scems to vury ip certain snima!l
species. BRlectron micrographs of the superficial calls of dbovine
trangitionai bladder spitheliua (Kenczak, N., 1964) illistrated a
spherical appearance of thess cytoplasmic vesicles as opposad to the
long, fusiform appearing wvesicles present in rat and mouse dladder
epithelium (Walker, B.F., 1960; Leeson, R., 1962). Batifox ', H.,
8L al., 1964, described in himsn bladder transitional epithelium
mmarous smocthesurfaced intracytoplasmic vesiclzs, some of which
wers camgpressed into “slits".

Sevaral funetions have baen suggested for thase vesicles. Rhodin,
1963, stated that their function is unknown but suggested that they
might be dissolved crystals which migrate to the lumenal .urface.
Walker. B.F., 1960, postulated that these compressed vesicles might
serve as a dynamic urins Sarvier by carrying fluids from the cytoplamm
to the cell gurface. He stated further that there was » similarity ol
the compressad vesiclee of 'rang’.tional epithealias xilth those ssc: .u
the piotosoan, TRLEhEYs IoLs oM. “hich « as purportid to "e fosue
sible for movumsnt of cytoplasmic fluid (o the coutzactile vacu-le
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("wdzingka, if.A., 1358), DPerter, K., gt al.. 1963, suggeotad that
tha campressed wasl.:les might M formed st the sarfaee of the euper~
flielal ~211 wWheve 4 acmns T " | 0 L L cecens i diew boe Waragul
botvean tham bocame pinched off (nto ths cyteplacsm. They shend thet
the limiting meubranes of these vesiales sre 100 £ in dissster snd
possess 2 trilaminar asubrone structure ileatisal to tha: of thm
plagra membrane. They furrther suggested that the'se sompiesdnd vegiales
might gerve as plams membrane storage areag necagsary for esliulag
bladder axpansion. Walkar, B.F., 1960, dessomstretsd thae injectien
of thuriwe diexid: iato the bladder lusn of mive teymiasted inm the
presence ¢ thorium - cystals within the roumd vesfglag of the surfece
c¢:1le and later in the connective tiassue cexponeat of the dlwmider.
it no timm wire these crystala cheerved in the cempressed wesisles.
Thevefora che origin of the compressed wasisle wmld net jeem to be
‘ormed frvm & 'pilnching off" or "cempartuantalisnstiwn™ st the lLumenal
surfacs which would rosuit in vesisle fomstica, but weuld suggest
the mxistonce of the vesisles vithin the swpsrfisial snd istavesdiate
cellsy thengelws., Leepomn, L.C., 1962, shecrved olestron atercesspieally
that tbera was an insveass (n the mewber of ecapressnd and revad
vegicles within the superficlal cells of the rat trmmsitiomal epithe-
lum fol.owing the adaimistration of distiilod ware: imio rha blasdery
of theos experimantal minula. Novewr, a0 cnangne cosurrvad following
«je aduinistration of Mypertemic snd isotentis ssletioms int) thw
bindde:r of other cupsrimemtel smimals. These cesults werc amplaimed
on the basis thet in puel z aypotonic eowiscoment, fluid would entax
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the cell leading %o the sppesrance of larzo mumbcys of wesicles, and
would support the theory of Walkex, D.P., 196C, that tha nature of
these vesicies was cxceretory in function, {.e., that thay originate
as vacuoles wvithin the cytoplaem and pass to the luminal surface.

In ¥Yigure 3 of the nomel vst superflcilal bladder spithelial cell,
somc ¢ thesa conpressed vesicles appear (o ligve rupctured at the
eurface of tha guperficial cell. This would support the theory of
Walker that the compressed vesicle moves *o the czll surface.

One of the meat significent observations of the transitional
epithelium in the treated experimantel animals wag the marked reduction
in the number of the coupressed vesi:iec snd an increase in the number
of verilous sized round vesicles. These altarations cccurred in the
tregted animals with the eveception 9f the animal gsacrificed at fourteen
daye. In thiz aniwal the normal epithielial constituents were again
prassat. In the twentyefcur hous enlal emell and lrregularly-shaped
rownd ves‘cler ere ohgervei alorg oI~ surface of the cell bordering
the luzen and n.ght revresent i{ncrsssed pinocytotic activity of rhe
surface ceile, Coincidenrly, cr eignificantly related to the reduction
in numbers 0L th? cxipreased vesicie, vas the appsarance of sarikad en-
iargesent of intercellular spacaa, {n the animals sacrificed over the
specific time pstiods, except dfter fourteen days. It had been man-
tiosed sarlier tnat the dewensgiocus of the app rant trilaminar lined
vasicles are {dentical to thar o' the pleema memhrane {Purtsr, K.,
el al-. 1763). 1if the furetion of ti.ee vesicler could be zeilular
excretion and slso plsacma Swdhrany storage, the d.sappasrance of these
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vesicles would then deplete the amount of storage piasiu membrane.
Thie failure in the replacement of plasua meabrans might result in
weaksned conditions along the existing plesms meabrane waich might
terminate in cellular compression with the resuitant increassd inter-
ceiluiar spaces.

Alterations odeerved in the organelle componsnt of gome of thsee
cells twenty-four hours following the injection of cyclophosphaaide
were the incrcaee in the uumbers of d-nse granules, the presences of
pooled lipid aggregations within .re cytoplasm, the disassociation of
the ribosomes from the endoplasmic reticulum, snd demaged mitochondria.
Iu s gtudy of the histologicel affects of gitrogsn-wistard on tumor
tisgue, it was observed by light microscopy that there was a reduction
in the numbers of cells in mitosis, a 'ballooning vf the cytoplasma”
by fat deposits and the presence of nuclear fragmentation (Spits, §.,
1948).

A review of the literature fails to show previocus work at the
ultrastructual level coancerning tha cytopathologic changes in damaged
transitional epithelium. HKowever, s great dcsl of work at this level
has boen gccomplished in other tiasues, aotably the liver, foliowing
the atministration of cytopathologic ageuts. The cytopat..ologic
changss in the liver reported by others (Parber, K., 1963, 1%64;
fayvolds, R.5., 1763) wero the result of the administration into
laboratory animals of athionine end curbon titrachlorids respectively.
Some Of the res.itant ultrasiructural changes occurring in theer livers
wve-e gimiiar to those changcd observed ir the tramsitional epithelisl
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calls of the experimental animals following cyclophosphamide injection.
These changes consisted of the disassociatéon of the ribosomes from
the endoplammic reticulum, the presence of lipid aggregations in the
cytoplasa, and evidencs of altered and damaged mitochoudria. Direct
correlation in the ultrastructural changss between two such divergent
snd fuuctionzlly different organg and different cytotoxic agents
cannot be established. 'lowever, the suggested oxplanations for the
cellular changes due to treatment with the various cytotoxic agents
may be spplicable to nderstanding the changes due to cyclophogphamide.
The applicability of such changes tc the bladder, however, depends

on future cytochemical and cytophysiological atudies which are beyond
the gcope of this thesis.

Parber, B., ¢t gl., 1763, 1764 studied the effect of ethionine,
the ethyl analog of the naturally occurring améno ac:d meth'omine, in
the liver, and further ~oted that similar reproducibie lesfons cou.d
algo be demonstrated in the pancreass, xidney and testis. Some of the
major alterstions of “ha liver cells following etilonine administration
were the irhibition ol protein synthesis demonstrated both iy yivre
and ip vigro., and the occurrence ¢f #st dapoeite within the cytoplaem
of the liver cell. Related to this decrease in protein synthesis and
increased triglyceride concentration within the celis was the decrease
in total adenosine triphosphate (ATP). The presence of triglyceride
lrwels within the cells of the liver was explained on the basies of
the formation of $-adenoeyl:thionine by the sct o of ethionine and
ATP. This compamd whick (s poorly zetadoliséd resultes in a "trapping
ot asdenine’ whizh wertames the ah.lity of the cell to manufacture
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this purine couponent, The reduction ir adenine would effect the
syntheais of AT? wulch would normally “emmigh the necessury saergy

for the foouation of the protein molsties and in addition, poseibly
limit the expoit =f the Griglycerides and lipoproteins ouf of :he cell
snd Luto the L3ouwd pligma. The aduinlstration of adenine or ATP to
Cule systeu previaiad tine accuaulation of excess triglycerides withia
Jia llver cellg.

I 'y ¢f Wwieress €0 note (n this connection that when fommate,
itavelcd with ’314\:;3 {nirryorated {ato the purings of EMA amd DNA {n
ams L ive il reslstaar cyclophogphaaide turorsg, there was sa {ahiditica
ol DNA adeilae by zyelozlosphamide (n the sensitive tumor. In addition,
the wa_or cytdloy s wffeet of susceptitle cells following cyclophos-
stamide 1Gula’ sty tion was the reducrion in protein synthesis (Strosier,
Teds, 1362, WAbecles, G.P., 1962, Maguire, H.C,, 196!, and Kovecs,

S., 173%).

Reyoolds, T.8., 1%%° studlad the effect of the sou-ploar lipid
solvent, cartoa setrachloride, on rat liver., His obeervationsg of
cellular chanzer !ncluded vacuolization of the cistermae of the ando-
plamnic ietlculua, Jegranulation of its membrenes and an fncreased
auber of free ribosmmes. In additfom, thers weirw morphologic alter-
xtions 6! the nitochoadria and swelling of the Colgl vesicles. As a
agn~polar lipid scluble substance, carbon tetrachioride was thought
to tranaform the coustituent dimolecular phospholipid leaflets ~¢ the
ce.’ memhranes from a “‘cryitailine” to li{quid phase. Such shif-s (n
the axbranee physims'-cher{cal properties might "tvengform the sheet-
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1tke membranes with low surface tensions to droplets and vesicles
with high eurface tension." Therefors, the alteratious in cytoplasaic
orjarsalles may be manifestations of the 'physical presence of the
lipid soiveat in tiw membranes of these orgsnellus.”

Thus, the lipid deposits present in the cytoplasm of rat bladder
transitional epitheliun following cyclophosphamide administration
uight result fram: (1) the knability of the cell to metabolise
nutrisnt fat materisl that might be trangported into the czll. With
eome inhilition of the purine adenine perhaps there would be a drop
in cellular ATP and therefore a reduction in the energy levels
necescary for normal and adequate cell metaboliem; (2) markedly alter-
ed cellulay metabolism hich culminates in the formation ¢f noutral
lipid; (3) degenerstive processes of the cell due to the cytotoxic
agents which xight result in accumulation of lipid, perhaps from
alteration of membrane phocpholipid components. Kanceak, N., 1364,
histochemically demonstrated areae sssociated with the lysosomal
nembrens couponent of the transitional epithelial cell to be phos-
pheliptid in atructuse.

The evidence of cellular degeneration ir asny of the cella of
the cxperimentsl animsl groups was accompaniod by an increase in denge
granulas. The large dens griaules in the normmal tiadder epithelial
cells of the rat are lysoeomes (Kancsak, N., 19564). Thess organelles
vhich cuntain the hydroly~ic eusymee acid phosphatase and - ~glucoronidase,
were incresged in meny of the cells of the animals sacrificed ac 24
hours, four eight, sud vine daye. This is consistent vith the ob-
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sexvations of Van Lancker, J.L., et ul., 1939, who noted the releage
of these ensymes from 'cytoplasmic granules” in csils during the
courgce of cell autolysis.

Spnitz, 8., 1948, in his tudies of the e rect of nitrogem muptard
on tumor cells, stated that in all of the cases studied pot gll the
cells werc equally affected by the cytotoxic agent. Injectiocunr of
cyclophosphamide into leukemic mice raogulled in a dslsy of Zo® pre-
mitotic process with subgequent abonormal and slowly progressing mitosis
in some cells (Kovacs, gt al- 1960). At 48 hours following injectiom,
the mitotic figures had the same chromosome complamsut as the tumor
cells before theripy, incicating tnat the chromcscme mumber of thaee
eccllg was not affected. Electron aicroscopy of the bladder trans-~
itional epitheliun of the rat {s #én agresment with thess observatioms.
Morphologic alterations of the cells following cyclophosphamids in-
dicated agranulation of endoplaemic reticulum, swelling of the mito-
chondris, nucleer degeneration and karyolysis in some cslis. Howgver,
in other cellg, the granular eandoplasmic raticulim was in long filsmsnts,
the mitochondria ware increased in mumbsrs end the nuclai, at $he
later time periods, appeared hyperactive and somswhat lysplastic.

Your days following injection the grestest amowmat of csllular
worohologic changes were noticed. Thess casuges Wwere a maiked degroe
v’ Lemorrhage and diminishsd cell cchesion culminating in very large
intarcellular spaces. Bvidmit st this time period were nuclear alter-
ations in the form of iregu.arities in sime sand shaps, inarsased
eloments of rough endoplammic reticulum snd 'whacle” of agranular
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menbranes surrounding electron dense cytoplasmic components. The
increased evidence of nuclaar strophy snd cytoplasmic degeveration at
this time in soms csils ie consistant with the cbaerved cytologic
sffects of cytotaxic mustards observed at ths light microscopic level
(B.oresn, H.R., gt al., 1960).

The preocence of the agramular whorls of membranes at this and at
later times has beens described as # mschanise of cellular cytoplemmic
sequestration (Hruban, &., gt gl.. 1963). Focal cytoplammic degrad-
ation, a cytoplasmic $equestration of dasmeged cytoplasmic components,
represents a cytopathologic alteration wvhich can ba distinguished from
total cytoplaamic degeneraticn aud cell necrosis. In the early phases
of focal cytoplasmnic degradation portions of the cytoplasn gre usually
limited by a singl¢ meubrane or several layers of 'myeloid smooth
meabranes''. These inclusions may coatain altered cytoplammic cxa-
ponents such as pleomorphoric electron dense materials, ygrsnulse of
various sises, lipid droplets, relatively intact aftochondria, ergasto-
plassic or Golgi components (Hruban, Z., gt gl., 1963). Buch examplas
cf focal cytoplasmic degradstion were observed in many of the cell
types of tha animclg sacrificed four to thirteen days after injection.
Congpicious in some of thase cells were the concantric 'mysloid mumbra-e
formations" vr whorls of ag:zanulasr wembrenes along wvith daquestered
cytoplasmic elements surrounded by a single membrans. The myeloid
comfigurations were nimilar to ctue ‘ormations descridbed by liruhan, Z.,
3k al., 1963, in cells which Bave "abnomaalitias in protein ox chol-

osterol syrthesis”.
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Bvidence of cellular degeneration with altsgation of the ouclet
and cytoplasmic canponents occurred througk the thirteenth day aftor
injection. Cytoplasmic snd auclesr vacuslisetiun was most evident
at the ninth day and is consisteat with the cytologic odbssrvatioms of
Blerman, H.K., 3% 1., 1960, of tumor cells fiem various effusicus
following cyclouphosphamide chemotherapy. His obse:zvatious in evder
of decreasing siguificance included incressed numbers of degemerating
foms, Llnerease in nuclear vacuolisation, loes of cell membrame eon-
tinuity and lacreased cytoplasmic vacuclisatiom.

The nc..a: trangitional epithel{ium of the rst poasesses occasional
intercellular spaces between adjacent basal cells (Kemesak, N., 1964).
The significance of li.tercellular gpsces as a celluiar tramspert
mechsuism was reported in 2 study of the uptake of thoriwm diemide witiin
the intercellular gpaces of corasal endotheliuw in the rebbit which
temminated in the pressnce of che crystals within the cormeal stroms,
(Kaye, G., ef al , 1962). B3ettifora, E., gL fs-,» 1964, considered the
{atercellular spaces in the humen bladder tramsitiomsl epithelium as
2 possible mechanism ior the transport of weter and solutes through
the spitheliuz. Jobmsoa, J.A., g8 ai-» 193], ueing an isotouie solutiom
of eodiun chloride in hesvy water, determined that thers was a oon-
siderable exchange of water molecules acrose ths mucoesl bladder wail
{n dogs.

in the experimental snimais following cyslophosphamide injection
there wre numsrous imtercellular gspaces between adjacent cells in all
layers «f the transiticual epithelium. With the amception of one
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anins. sacriflced can days following injsction, these intercellular
spaces vith the experimantal procedures used for tissuegprepafation
appeared empy. In this one animsl, however, thers was focal areas
of the epitheliun in which thoge intercellular spaces were partly or
completely &illed with an amorphous, electron dense materidl. Histo-
chemical sta’ns such as the periodic-sc.d Schiff for mcopolysaccharides,
011 ked O for neutral fats, snd basic fuchsin for protein dsposite
vere negative. Thus, although the nature of this materlal wvas rot
deterained, thesec depogite might represent lurther evidence of dee
generation, altered cell matabolism and / or alteration in plasma
menbrgne permeabllity vhich temainated In the "pocling' of matertal
between the cells.

Ruclear dysplasia as described ty the light alcroscopy and
e7idenced in the clsetron micrographs by increase! nuclear densities
and peripheral chromstin a_jregations was evidenced in gome cellsg a3
early sas cight days and lasted to a limitcd oxtant witil the thirteenth
day. Al of tlicse cclls had an incrogsc irn cisternal elements of
rough=endcplascic reticulum vhich at the height of regeneration of
the fourteenthi day became long, filamentous and, {n many instances,
existed In clogse apposition to increased muxibers of rmall, dense and

nomal appesring witochondria.
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COMCLUSTOM

Injectione of 222 mg/kg of cyclophosphamide into the imtra-
peritonesl sgpace of thirty white male Wistar rats Lilicited a sevare
hemorrhagic cystitis due to the pooling of tomic urine im the bladder.
The observable taxic manifestations of astive cyclophosphamids ocasurred
ay sarly as three hours nost injection ss determined by the pregence
of gross humaturia in one animal and sudbsequent waight loss in most
ot the remaining auinale over the experimcatal period of fourteen
days. Cytologic alterations exsmined electrom microscopicslly con-
sisted of the foilowiug:

(1) Cellular degenerstion in the fomn oF altered cytoplasmic
orgaelles such as the endoplasmic reticulum snd mitochondris elemg
with increased lipid sggregations primarily in the animals sacrificed
after twenty-four hours.

(2) Cellular exfoliation and e !l desth in the enimsls saczifissd
at four, eight, :nd nine days.

(3) Ceilular dysplasie most noticeably affecting the nucleus in
the animals sacrificed from eight *. thirtuen days following injectior.

(4) Marked evidence of apithelial regeneration in the snimal

sacrificed at fourteen daye.
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SUMMARY

Cyclophogphaaide is a nitrogen mus.ard which i{s linked dby wey of
the nitrogen atam to a pho.phoric-acLd-estarmidia that xliows for
its relative inactlvicy {) 7igio. Through enxyastic sctivity ig viye
there is s transformation of the wnert ¢ =lophosphumide to active
cytotoxic dexrivative () vhici: causes nytologic altaration and cell
death to uoruaal and Lwati tissuss. .ts vzluc as sn santitumor agent
has re2u n the trcatment of patiente with malignancies srisiug {roc
hematopoietic tigruwgs, malignant lymplonag, lavianias and carciaxias
aviging srou tiw ureadt nd ovary. Oue o the side 2ffecte reporte~
tollowiig evclophosphaaide chemotharapy was tlie occasional manifesta~
tiea of a4 sterlie, hemorrhagic cystitis.

Inizct.ong o. cycloplwgriaa:de tute white mslc Wistar rata
{llicles a4 svery nemervhagic cystitia. EBlectrom aicroscopiv cxa.-
ination o) rat bladder transifiona. epithei.ar Svii varidus povidds
0f tiae Joilowsiuy winjecetion, i(llusctrates cytoplamaic degouneratioa,
ceilular ex.oliat. o aine c2li death, nucicaxr dysplisia and eubsequeic

epithelial o cacragion,
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Liguxe 1. Normal bladder mucowz of the rat showing the large flatiered
surface epithelial cells and the sualler polygonal shaped intermediats

aud basal cell laycrs. X640.

Eiguke 2. The nomal superficial, intermediate and basal cell layers
of the rst transitionsl tlgdder epithe’iun arc shown. Note the mavhed
inter@igitations of the plasna membrane and rhe ccecasioual evidence
of lotercellular gpaces in %hic areas adiacent to tle basal cell. MNoce
eleo tie numerous compregsed vigicles in the suporficial and iatere
wediate cell layers along witl the occasional large dcnse granale.

x l&.(‘r(‘o

Eizure 2. Superficial cell of the noimal bladder «pithelium. Note
the scalloped appearance of the cytoplameic 3dges snd the spparst

remants o7 cuptured compressed vegicles at the surfoce. X 33,90C.

Ligurs 4. Intemediate cell area of the normal rat epithelium showing
nuperous conpressed vesiclas and fine fibrin structuree within the
cytoplaea. Jote the smsll ribosomal aggrejetes, occasiounal round

vegiclecg, and the .qall alectron denee mitochomdria. X 1G,700,
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Tigure 3. Intermediate and superiicia) cell compcuente of the bladder
epithelium si.owving the cxpressed sud vwmd wsicles, occasional densc
grauuies and occasional domosomes slong the Llaterdigitating plasua

sembrane. Note the large terminal bar &t the luminal surface adjolining

two superflicial epithelial celle. X 5,300C.

Lixixg 6. +<ihosons assoclated endoplamuic roticulum and clectron
denec nitochordria within the wormal trangitional epithelial cell orf
the rat tladdeyr. Hote the vibosomsl aggragatious, the [ine {ibrillar
caapec-. ot and the promineat desmosomazs with adjaceunt tonofibr.ls.

X 29,6CC.

Limipe 1. The counective tissuc «oponmeut of the nomal bladder
submnsoss ghowing the aggregations of collagen fibers, Iibroblastie

cal.ular campomanis and & omall capillary. X 5,900,

Biguke 8. olulding blue etsined one micrum section showing cplthelial
cell cxfollation md edere. of the connective tissuc component of the
lamiva pmopria in the bladder of the snimal sucrificed seven hours

following cyclophosphanide injection. X 640,




.
>
N
§
4
M
!
!
|
|




F e




Eiausa 3. uemutoxyiin and eosin stained secticm of the bladder
epitheliuc in the tweuty-four he:r post fnjection animal. Nots

the denuded aress of nucosa along te lamina prorria. X 640.

Iiguxe lU. Toluidine blue staivsa one micron sectioms of bladder
epithelium {n the twenty-four hnur animals. Hote the areas of edems
vithin the connective tissue componsnt, occagional evidence of

inilasmmatory cells and hemorrhage. X 640.

Eiguxe 1l. A markad srea of hauorthage and cellular degeneretios

ia the enimal sacrificed twontye<four hours following cyciophosphenmide
lnjecticn. Nots the numsrous irregularly shaped electrom denge
granules surrounded by a singie or sometimes doudbis wembrane vithin

amd outside of degenszating polymorphomuclear newtrophilg. X 11,800,

Limuzs 12 A degerersting polymorphonuclesr neutroshii with gremuls
sxpulsion. Note the similaricies in sise, shape amd electrou density

to those pryulces described in Pigure li. ¥ 11,200,
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Limure 13. Two transitional epithelisl ceils bordering the lLumen in
ths bladder of the animal sacrifice ! at twenty-four hours. Note the
large aggregations of lipid materfal ind the emall round vesicles near
the lumingl surfacu. Note also the long agranular elements of the
endoplasmic reticulum and the occssional swelling ~{ _.e cisternal

elemants. X 11,80C,

Iigure 14. Large uini-membranous lipid aggrojations and the ncatterad
fibrillar component of the cytoplasm sre {llustrated in this epithslial
cell of the twenty-four imur animal, Note thes dispersed riboscme
aggregates, dense bodies, snd swollen vegicular components cf the endo-

plasic veticulum. X 21,40C.

Tigure 15. Note the long etrande of agranular endoplasmic i1eticuliss
with the occsaional formatioun >f whorle. Increase {n the {nterceliular
spacos is 2aiso {liustisted. Twenty-four hour post injection gnimal.

X 14,60C,

Zizure i%. Increase in the intercellular spaces aiong with ribosame
agsociatad endoplasmic retieulum is illustrated in these cella of
the twenty- four hour saimal. 3Svidence of the uni-memdbranous lipid
depceits, degsnsruting mitochondria and aumerous round vesicles arae
additionaily {llustrated. X 20 ,40C.
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Dgurg 11. Ceils of the twenty-four hour animsl posssssiog numercus
round vesicles, lipid deppeits and a moderste degres of spalling of

the vegicular clement of the Golgl sppsratua. X 11,300,

Hgsg 18 Dumaged and degenersting mitochondria along with dispersed
ribosome aggrenations are present wirhin the cytoplass of cells {a

the twenty~four hour acimai. X 38,300,

Ligurs 1J). Cccasionsil vesicles of tha canprecsed type were sesn in
pome of the cells in the twenty=fcur hour énjection snimal. Note
the irregularly shaped dense bodiss and swollem vesicular components

2f the azranular enddplasmic retisulum. X 14,800,

Ligice 20. Higher magnification of the cytoplasmic cospomint illus-
trating mmeroue irregularly shaped rousd vesicles, dense bcdiss and
swollen vesicular components of the endoplasmic reticulum. MNote

the large focal aroa of cytoplasmic degsmeraticn. Twenty-four hour

post injection animsl. X 21,400,
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Iisxe 21. Hewotoxylin and eosin stained hladde: epithelium of the
aninal gicrificed four days post injection illugtrating edema and

faflemmsrory resstion in the blacder muccsa and submucoea. X 640,

Elaure 22. Toluidine blue stained one micron sections illustrating
the large intar and extracellular gpaces between the epithelial
cells in the {our day saimal. Note the numerous erythrocytes and

the moderately large dar. intracytoplasiic bodies. X 640,

Rizure 23 Electron aicioscop#caliy the muccsal bladder ceils appeas
disorganigel duec to the numerous extracellui.r spaces which are filled
with erythrocyteg. Note the numerous cytoplasulc Yfoot precesgses’
precent in the iatercellulcr speces. Four day post injection aniuai.

X 3,400,

Ligurs 24. Bvidence of multinucleation was evident in some of vthe
dladder mucoszal cells of the four day animal. Note the« intercellular
spacas and the microvilii prrjections into the extraceilular spaces.

X 3,40C.
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Ligurg 23. Noticeatle within some animalg in this four day group
were cvtc)lasuic aggregaticus of aorphous appearing meterisl. Note
the creation of the intercellular spaces *hich appear sbovs anZ below

the arese of tic digncsones or terminal bers. X 4,000,

Rigure 2€. Tho Lotirceliular spaces (I§) appear aloug the opposing
cell mobranes o1 the plasia nembrane and end at the area of tho
texwiaal Lar pronimal co the ‘umen. iHote the degenersted mitochondria,
aaserous small round vesicles and the maall e¢loments of the endo-

plagilc reticulun., Four day post injection animal. X 5,900,

Iiguke 7. Bv.deace o zallular exfolistion =ng cell death are
iilustrated througl th: lazek of cellular cohssion, nuclear atropLy

and 2i{tocnondrial deger. -ation. VFogr day post injection animei. X 4,400.
Llxurs 23. 8mail clements of the endip lgemic reticulum, isolated
wWpiregates oI aorpicus nativial and denge bodiss are illustrated in

some of the cells o the bladder epithslim of the animals socrificed

four days p~et .njectiou. X 6,000.
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Ligirs 28. Whorls of agranular membranes surrounding focal cyto-
pismic aress sTe illustrated. Note the numercus filsments of rough
surlsced endoplammic reticulum. PYour day post injection snimal.

Y 3,900.

Risuse 30. Suggasted bénucleation with cytoplasmic adema, dense bodies
and swelling of the vesicular companents of the endoplasmic reticulum
ie illustrated. Note the microvilli projections into the inter-

ctllular space. Four dey post injectioun animal., X 7,000,

Ligurs 2.. Binucleation with alterations in the shape of the nuclei
snd increase in anuclear chromstin content is evidenced within scme
of the transitional cells of the animals sacrificed four days post
injection. Notz the numessus small elements of the rough surfa.ed

andoplasmic ret‘-ulum and the relatively large dense granules. X 7,40C.
Limire J2. Numerous prominemt Golgi sreas along with elewents of

rough surfscec sudoplamic reticulum are illustratad. Four day post

{njection animal. X 7.400,
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Ligure 33. Nuac~ous small round vesicles are locsted near the
lunénal surface of gome of ths transitional cells in this four day
post injection group. Note the prominent nucleolil, dense bodies and

Golgi aress. X 10,600.

Liguzs 34. The flbroblastic cellular component of the connsctive

tissue shows marked e.largement in the cistemal spaces 9f the endo-
plesaic retic lum with the presence of an smacrphous, elesctron denee
material withia the cistermae. The large cell with prominent nucleus
most probably represents an cadothelial cell of a vagcular componeat.

Jour days post injecticu anima’ X 5,900.

Riguxe J5. Toluidine blue one r om sections ¢f the multilsyered
dysplastic epithelium of the eight day psst injection enimal is

1llugtrated. X G4C.

Figure 36. Marked cellular degeneration is illustrated in some of the

ocells of the eight day animals with diseappearsnoe of the plagma

asabrane and periphersl dispersion of the suclear chromatin. X $,900.
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Rigure 37. Higher magnificaticn of the same cell illustrated ia
Figure 36. Note the numerous round granules surrounded by a single
unit membrane and the almost complete dissclution of portions of the

nuclesar mexbrane. EKight day post injection animal. X 7,400.

Rigiize 38. Areas of altered mitochondria are illustrated in some of
the bladder trangitional celle of the ei~ht day post injection animal.
Note the prodominent dessosomes and adjcining tonofibrils and the

numeroud irreguiarly shapod round vesicles. X 9,70C.

Iizurs 39. Bvidence of mitochondria alteration with deposits of
small quantities of electron deuse matexial within the mitochondria
matrix 1g illustrated. Note the uncjusl distribution of the {ine
fibrillar component within the cytoplasu. Eight days post injection

animal. X 11,C'0,

Lizure &4C. Numerous irregularly shaped veeicles some suggeeting the
gequestration of cytoplasmic compounnnts are illustrated. Note tte
promineat demmoscas (D) with adjoining tomofibrile. KEight days post

injection animsl. X 15,300,
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2isure 4]. Whorls of smooth memhrsnes surrounding fecal eytoplssmic
components were evide-ced in some celis of the eight day animals.
Note che alte. d r .toctondria, dense bodies and large intercellular

epacss. X 7,400,

Ligurs 42, Prasinent in some cells of the eight dsy smimals were the
proninent Golgi zones (G). Note also the long fil-aeats of rough

surfaced endoplaenic reticulum. Kight days post injectiom snimal.
X 7,400,

Iigure 43. The cells of the multilayer~d zpithelfius show saclei with
some {rregularities in shape and orcasionally Ffemonstrate periphsra!

sggregations of nuclear chromatin. Bight days post injestion snimal.
X 5,400,

Figure 44. Vithin the cells of this multilayered epithelium are large
extensive filamants of ough surfaced endoplasmic retisulum and
fFrominent Golgl sones. Mote the iaterdigitatimg cytoplasmic "foot

processcsY. Wight days post injection amimal. X 7,400.
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Iimure 43. The cells of the liver in the nine day post injection
snimals showed evidence of cloudy swelling with no fatty metamorphosis.
I.640.

Rigure 46. The kidneys of the nine day animals showed evidence of

tubular damage with occasional erythrocytes within the tubules. X 640.

o 4]. The testicle in these animels show a marked degres uf

hemorrhagic necrosis. lilne day post injection animal. X 640.
Yisury 4§. The bladder snows a slight amount of edems, no hemorrhage

and questionably normal, multilayerd epithelium. Nine day post

injection animal. X 64C.
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Lisre 4. 4 Ceoasitional epithelial ooll in the nine dey animals
f11luliating cytoplamic vacuolizsation. Kots the multiple pzominent
nucleoli ad binuclestion. X 6,700.

Iigure 30. An srea vwithin a transitional spithelial cell bordering
tha lumen shows the formation of a large cytoplasmic vecwwis. Note
other smaller cytoplamsic vacucles along with the occasional micro-
villi protrusion into the lumen area. Nina days post injectiom
animgl. X 7,400,

gyre Sl. Within other transitional cells of the nine day saixale
were arcas of cytoplasaic dequestration of degenerating compoments.
Note the nucleus of the cell with mmlziple nucleoli mmd peripheral
nuclear chromatin aggregations along with frequent filaments of
rough surfaced endoplasmic reticulum within ths cyteplasmi X 7.400.

Liguzs J2. Note the large msmbrane bound sequestered cytodlammic ares
in which sare found mmercus degenersting cellular segmmeliss. In
addition, small vesicles of is compresssd vesicle configurstion are
pregent vithin ths cytoplagmic cempomeat of dems» of these cally.

Nine deys post injection animsl. X 3,300.
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Eimuzs 33. A trangitioval cell bordering the lumsn with large nuclear
vecuole is illustrated. Cytoplasaic vacuoles snd microvilli protruaions
iato the luminal arcs arxe present. Nine day poet injection animal.

X 6500.

Rimire 2%- Mitochondria within the cytoplasuic component 6f a cell
{1lustratiug marked alteratica snd evidsnce of dogensration. Nine

days post irjection animal. X 10,700.

Filguxe 33, Numarous filsments of rough surfaced endoplasmic reticulum
sad proméueni Golgi zonas characterised some cells of the nine day
pest Injection anim: g. Note the aumerous round vesicles, and dense

bodies. X 11,800

Ligure 36. A cytoplammic aren within one cell {!lustrating sumerous
denge granules and degenerating cellular organelles. MNote areus
vithin adjacent cells vhich containefilaments of rough surfaced sndo-

plasmic reticulum. Uine day post injection animal. X 10,7CC.
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Kigure 37. A markedly aliered fi{rroblast within the coanective
tisoue component is illustrated. Note the aumerous cytoplasmic

vesicles. Ninc day post injection animal. X $,900,

Lisuxg 58. Bvidence of some cellular axfolistion with degsucration
of the cells fe illustrated. Numerous small raund vesicles, moet
probably :ysosones, are found within the one cell. Nine day post

injection animal. X 13 300

Ligure 53. Bvidence +” v.llular sexfolistion proceeded in pome areas
as far dcam ag the basement membrans. MNota the oz ~<¢il which ig

almost completely degeneroted. Nime dsy post fnjectios emfmal., X 3,%00.

Zigure 6C. A cell boxdering thr lumen in ths nine dey poet injectiom
animal illustreting visuole inglusioms withia the cyivplam. Note
large dense body and elements of the rvugh surfaced endoplasmic
reticulum. X 7,40C,
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Klaxe 1. Transitional epithelial eells frem the nine day post
injectiocn animal {llugtrating cytoplamic vacuole Liclusions of
varyiog eines, denge bLodise, rough ourfaced endoplasmic reticulun
ead evidence of uuclear atrephy. X §,900,

Fisurg 62, Withia the area of the mult’laysred epitielivnm in the

alne day post injection amimal were cells in which the nuclel appsared

somavhiat irvegular in ghape with occasional rmiltiple o leol!l and
paripheral aggregations o° ouclear chramatiu. UNotc the ong area
adjacent to thece active cellsz wit! nuserous densgc bodies and cyto-

plasulc vacunlea. X 4,400,

Diguma 63. Callg of the iwltilayered cp'thellurn of the atue duy
pos® Injceriom anlonl, Note the cytopl.ziic Toot processcs and

strands of the rough surfsced endoplamic reticulum, X 5 0G0
, 200

Time 64. Cellc of ‘ha multilayered opitimiium at the area of the
bagement scnbraw:, ote the long filamerts of rwugh s .rfaced cnlo-
plasuic reticulum snd the intersellulur gpaces. ifins day post lu-

joction saimal. X 6,800
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Disuxh f3. Focal areas of tubular dmags vithia the kideeys of the
ten day poat injection mmimel. X 640.

Blourg 68 Toluidine blue stzined one micron sectiom of the bladder
transitional epitbellm in the suimel sacrificed ton daye followiig
cyclophogphanide Lunjection. Note the sscrpheus material between some
of the cells of this &gltilsjered epithelim. X 1,600,

auxe 67. Vithin the muicilayered spithelimm of the tem dsy post
fnjeciion animals vere the contimming pressncs of the imteresllular
spaces. Note the promineut end multipls subers of dssmoeomes alewg
arras of the plasms membrane. X 3,800,

Iimuxs 68. Othex areas within this muitilsyervd witheiiwm thera

was evidencedof filling within ths iateresllular spesss. Tea days
poet injeetion snimsl. X $, 300,
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ime $9. it fine fibriller compoment within the cytoplasm appesra
in the odll e be aligned aiocng the rres of the fatercellular spaces
of the plammc mmbrane. Note the multiple mclecli and electron
dmngeness Of the nuclear chromatiu. Tea days yost injection amiaal.
2 3,90,

Iisurs 70. Axeas vithin the intercellular spaces of thuse ¢ ls

apysar ¢o b partially filled with sn amorphous electron dense matsrial.
Hote the numercus elezents of the rough suzfaced endoplagmic reticulum.
Ten day post injection snimsl. X 7,400,

Haure 71. Bvidmce of cytoplammic vacuolec, denss bodiss end mmarnus
round vesicles ave illustrated in so=e of the cellis. Note the
appearance of the eloctron dense material within ths interceliular

spaces of gsome of the cells. Tex daye post injection snimal. X 3,400,

Ligurg 72. Higher magnification of one of the cells of this multi-
layered epithelium {llustrating tha alestron dense matsrial within

the intercellular spaces. Note the mumerous round vesiciss near the
piagna mxabrans und the multiple elements of rough surfaced endoplammic

raticulus. Ten day post injoction animel. X ,800.
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Ligxs 7). The intereellulsr filiing with the alestrsn dense matsrial
occury periodically aiong the plasme membrens. In seme areas there
apyears tc bs cammmicstion bdetween individual eaelle and the election
denge wmaterial within the intercellular spases. Nots the prominest
Jasmops With adjoining tomofibrils, the pelyxibsocmal aggregations
ad elaments of the rough surfessd ondoplasmic retioslum. Ten days

rosc injection animal. X 15,300.

Piguxe 74- Bvidence uf cailuler degonerst.ion with swelling of the
endoplamnic roiiculun, mmsrougs round vesiclas, demee bodies and
aggregates of sarrphous elactron dense materials sre illustrated
within arveas of this mmlitilaverad epithelium. Ten day post injestiom

saiaal,. X 7,400,

Eipixe 13- Alrerations in the mitochondria snd swelling of zome of the
components of the endoplamic reticulum are illustrated. BHote mmarous
denss bodies of varying asimse and shapes slong with domeely packed
intracytoplasmic fibezrs sad large imteresllular spaces. Twm day post
injection snizal., X 9,200,

Yigira 26. An erea of sytoplasuic @equestration s illustrated with
vuiious organslie companents and lipid accwmulatioms. Yeu dsy pose
injecticn suimal. X 3,900,
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Ripuw 77, Traneiticual epithelial of the ten day omimal {liustrating
pranincat Golgl sones. HNote numervus dsass gramulas and wmall foeally
sequastered cytoplasmic components. X 7,400,

Zigure 7. MNote the larzge Colgli some within this treneitional cell
of tho ten dey animal. Peiyribosonsl aggregations, rough surfasced
slements of the endoplammic reticulum are also €llustratod. X 10,5600.

Rigcs 79. Pvidsace of intsrcellular Filling near the cells lining the
iumenr {s fllustrated. Hote numeous rovnd vesicles, some containing
extramsly elactron dense matsrial, and tho microvilli projections of

the surfece cell. Ten day post injsetiva animgl., X 5,900.
Tiguze §0. Righer magnification of the surface cell in this ten day

animal showing the dicrwwilldl puotrusious {ate the luwasinal specs.
7 135,300.
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Dimize 8l Bvidetce of the smotphous elsetror dsnse mater:al within
the somnective tisgue coaponont of the bhladder submucesa. Ten day
post injection suimal. X 4,000,

Hage §2. EBvidence of the amerphous msterial along the bagsmant
menbraxe of the epithalial layar. HNots the spparemt commmication
between the ares ¢f the bastasnt msubrane and the intaruslliular spaces.
Ten 43y post injeci.ica snimal. X 15,300,

Ligure 83. Toluidine dlue stainad one micron section showing e
area of the regenerating waltilayered bladder apithelium of the

thirteea day post injection animal. Kete ths mmercus multipls

ousleoli present in many of thess asslls. X 640,

isuzs G4 Mumercus cells with prominaut auclsi ave filuetrated as

representative of the multilgyered epithelium. Notes the muesrcus
cyteplamic crgauslles. Thirtesa day post imjection amimal. X 3,5600.
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Iigury 83. Golls of the multilayered epithelimm illustreting the
slectron dense nucisl with multiple nucleoli. Note tle presence of tha
interceliular speces betwoea the oslls. Thirteen day post injection
aimal. X 6,000,

Lisung 06 ¥umerais desmosones sxc present along the plasma membrane
whish ie cccasionally interupted by laxge intercellular speces. Note
the abssace of any of the compressed vesicles within the cytoplamm of

these calls, Thirteen day post injection animsl. X 7,400.

Eigurg 87. The cells lining the basement membiane ippear longer
morphologically as compared to the polygonal spharical celld iu other
sveas of the multilayezed epithelium. Thirtean day pust injectiom
saimgl. X 6,000,

Ligize 88. EHighar magnificetion of the cells lining the bagwment
nambcane ir the thirteen day animal. Not:: the beserout msabrane with
itg communication with the plasma membrane slong with elemsuts of rough
eucfaced sandoplasnic vetisulum, X 10,700,
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Rigurs 89. Axsas of cellular degenerat.on w.th.a this multilayered

epitheliun are :1lustrated. Nota the wh rl f agranular membranes

susrounding a eyi.-plasm.¢ portion of a call, along w.th nuseseus

round ves .cles and a small iipdd aggregat.cn. Thiriteen day pust

injecr.on aninel., X 6,000,

Eizixe 90. Bvigence of cellulsr degenerstion with altevition in

ovgaselle components 1o llustrsted. Thirteen dsy post injection

<n.mel. X 10C,600,

Liguge 31. One mocran sect oned Tolu‘d.ne blua stained bladder epitbe-
lium of the fourteen day snimal. 3Jvidencs of limited edema and hemor-

thagh along with some dysplasis of the cells is tllustratsd. X 640,
Eiauke 32. Representativd srea of the multilayersd epithelium i3

{1lusti-ted. Note the numerous cellular organe’les and ilxited evidence

st intercellulazr spaces. Fourteen day sanimsgl. X 4,000,
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Eiguge 93. S8uperficial aud intermediate zells of the fourteen dsy
post injection animai sre {llustrated. Note the mmmerous comprassad

vesicles along the surfecs »f the supesrficirl cell. X 4,000,

Rigurg 24. Bvidence of mavkad cellulay degencration in localiged
areas of the othervige nomzal spithelial cells is {llustrated. PFour-

teen day a2nimal, X 7,00Q.

Liguxe 32. Bvédence cof the limited intercellular spaces between the
cells lining the basement cembrane is illustrated. Note the jeripheral
aggregetione of nuclear chromatin and long filaments of endoplasmic

reticulun. Fourteen day animal. X 5,900,

Liguze M. Between nany of the cells in the fourtsen day animal the

plasua menbrsne is closely spposed with no apparant increases in the

intercellular ypaces. X 14,000,
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Liguze 971. WNumerous long strands of rough surfaced endoplaamic re-
ticulum within tha celils of some of the tramsitiocnal epithelial eells
{9 illustrated. Occasionsl round and somatimes comprasced vesiclea

are evident. Fourtesn day animai. X 1£,%0.

Eiguze 38. Leag fllaments of rough surfacsd endoplasmic reticulim
and aurerous mit.chundria, unifoms in sise and shape and density
are illustrated. MNote the prominent Golgi sonss within the cytoplam

of tue of the cella. Fourieen dey anlmal., X 10,600,

Figura 33. Concentric whorls vf rough surfaced endoplamais retisulom

in close prozimity with numerous mitochondria are illustrated. MNote

the fin2 fibrillar component within the cytoplasm is generally equally

distributed. Fourteen day suimal. X 20,000,

Biguge 107. Area of the lamina propria with essentiaily covaal

appearing fidbroblastic somponents. Fourteen day acimal. X 4,000,
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